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THE Danish Cancer Registry, at its opening in 1942 initiated a joint effort with 
the University Institute for Human Genetics in Copenhagen, which subsequently 
resulted in monographs on heredity of breast cancer by Jacobsen (1946), and of 
uterine cancer by Brobeck (1949), and later in separate studies from the two 
institutes by Busk (1948, 1952) and Videbaek (1947), on leukaemia. Later the 
Genetical Institute took interest in gastric carcinoma and allied problems (Videbaek 
and Mosbech, 1954; Mosbech, 1953) while the Cancer Registry continued its 
studies on twins with cancer, begun by Busk, Clemmesen and Nielsen (1948), 
and brought up to date with the present publication. 


MATERIAL 


In the period from January 1942 to June 1955 inclusive, 140,000 new cases of 
cancer were filed at the Cancer Registry of which about 110,000 were notified 
from hospitals, and the remaining 30,000 known from death certificates only. 
Notification forms contain the question whether the patient is a twin—and this 
was answered for in 73 per cent of cases. When the answer was in the affirmative 
a separate notification of the twin sib was filled in and paid by a symbolic fee of 
10 kroner, equivalent to 10 shillings. This special notification gives the data of 
the twin sib together with information on previous disease of more serious character 
including diagnosis and the date and place of treatment. In order to decide 
whether the twins are monozygotic or dizygotic the form contains questions about 
similarity and about mistakes on identity made by parents and others. Other 
questions refer to colour of hair, colour of eyes, stature, height and weight. Almost 
full congruity is demanded before a pair is accepted as monozygotic. The authors 
have not been in a position to contact patients or their twins personally, but have 
trusted information from hospital physicians. 

As shown in Table II, 849 pairs of twins were notified during the period studied 
(a), and the twins were grouped according to identity of sex and similarity of 
appearance. Exclusion of 178 pairs (b) was necessary because of insufficient 
information, mostly due to extreme weakness or death of one partner, and in 
some cases because it proved impossible to decide whether or not the pair were 
identical twins. 

The first partner of a pair to be notified as suffering from cancer during the 
period studied was signified as I while the other partner would be classified as II. 
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In 38 cases twin II had left Denmark (c), and the pair had to be discarded due 
to insufficiency of information. For the same reason we had to exclude 191 pairs 
(d) of which twin IT had died aged under five years and before the registry opened 
in 1942. The few casualties of this category occurring after that date could be 
traced by means of death certificates. 

Those pairs which had not been notified as twins when the first partner 
developed cancer would naturally have to be discarded, even if they were notified 
when a tumour developed in the second partner, because only pairs with cancer in 
both partners—the concordant twins—would have a chance to be notified at the 
diagnosis of a second cancer and in including them we should therefore have made 
a selection. Nine pairs of concordant twins had to be excluded for this reason. 

The remaining material may be studied in two ways : 

A: A retrospective study could be made by means of all the pairs known 
including those of which one partner had died before 1942, when our period of 
observation actually began. In principle this may be permissible, but if we 
compute the number of such pairs to be expected from the Danish birth rate for 
twins and from the incidence figures for cancer and general mortality rates, we 
find that only 10 per cent of the expected number have been notified to the registry. 

B: A prospective study could be undertaken on the more limited material 
of twin pairs of which both partners were alive when their first cancer occurred, 
and after the opening of the registry. A computation based on the material of 
the registry shows that out of this category about 20 per cent of the expected 
number have been notified to the registry. 

Because of this difference in quality between materials available for prospective 
and retrospective study they cannot very well be combined into one, and for pur- 
poses like the present the advantage of prospective studies are well known. 

Thus, the material remaining for a prospective study comprises a total of 
336 pairs distributed on the various categories as appears from the last column of 
Table II (A). It should be noticed that the distribution by sex of 336 cases of 
the various groups corresponds closely to that computed on the basis of Danish 
figures for population and cancer incidence. 

An analysis of the material for the prospective study gives figures as shown 
in Table III. Here the material has been subdivided according to the period 
elapsed between the occurrence of the two cancers. It appears that the computed 
interval between the appearance of the two tumours shows no definite difference 
from the observed interval either for monozygotic or for dizygotic twins. 

The total of 7 observed monozygotic pairs of twins with cancer against a 
computed number of 3-8 is somewhat higher than the observed figure for dizygotic 
twins amounting to 7 against a computed number of 8-7. However, this difference 
is not statistically significant. 

As far as the site of tumour is concerned the present small material does not 
justify conclusions to be drawn on any tendency for tumours to occur in the 
same site in concordant twins. It is true that the material is small, but it should 
be noticed that the tendency for tumours to occur at concordant site is in favour 
of the dizygotic and not of the monozygotic twins being a total of 1 observed 
case against 0-44 computed for monozygotic twins and 2 against 0-52 for dizygotic. 

A further analysis of the pairs in which cancer occurred in monozygotic twins 
of the prospective material does not give much impression of concordance with 
regard to site of the tumour (Table IV). 


I 


= 
a 
oc) 
= 
= 
Nn 
= 


| 
| 


| 
— 


sss 
coooo 


JO 418 
* 


a 
Nn 
Nn 


| 
| 
| 


€1-6 

8-4 

€-1 
(savoA) 


aor 
ome 


‘duioo ‘sqo ‘duroo 
T8701 TT TT TT TT 


= 
= 
5 
5 
A 
Z 
< 


: $8 * UMOUyUN TT JO Xos UL T, 
eatqoods UIA} 8B Ul (p) 
pop T “01704 qou TI (9) 
eatqoodsoig (6) (f) (9) 
(4) perp IT 
(p) 


3 
330 

Be 

| 

4 

Is one 

| 
dian 

= 

. moo 

ron 
BE noo 
g 2 

: @ 

re 

| 

= 

° 

33 


o 
A 
RQ 
a 
5 


1OplouLsis 1100 


(jey1dsoy) 1001 


‘uls 


TT 


1104N 


1q001 
19001 


(pend 
ovurureUr 
ISIOP 
pe “ysvjour ‘ped snaoeyy 


(9780 
0 pe Is1Op 


peutiojiod 


Asdoyny 


IL 0 
UAT, 
18 + 
Lt 0 
oF : 0 
0 
99 : 0 
GL 0 
sopeur 


18 
FL 
89 


9s 
01903 


+ { 


0 


ofy 


poutiojiod 
Asdoyny 


T] WAL 


1194N sts0di00 


(jeq1dsoy) 
pv ‘ysejour “4xp ‘und moumy, 

81980} BUIOUTUIEg 


1494N 


13eydoseo 
too 


‘Zoi signo 

(jez1dsoy) 


‘srurmopqe 


siZudreydodAy 
leploulZis 


(peqidgoy) 001 


SLINIO 


o8y 


I 


yy aarpadsoig) AT ATA], 


— 331 
o eco oo ooo 
| 
. + ++° ++ + ++ © + 
2 
~ 
ooo 
+ co ++ oe +++ o+ + +o + + 
| | | 
| 23 s 33 §& 


332 A. NIELSEN AND J. CLEMMESEN 


The finding of a pair showing two mammary cancers of the right breast is well 
in keeping with the observations made by Busk from Cancerregisteret (1948) 
that a relative of a patient with a cancer of the right breast will stand a heavier 
risk of breast cancer in this side than in the left. It may also be mentioned that 
gastric cancer and rectum cancer may both develop on the basis of familial 
gastropolyposis of the intestine, so that one of the other pairs may not, after all, 
be discordant as to the site of the tumour. 

Thus, we have found no concordance of site which would not be expected 
from other experience. 

A corresponding analysis of the dizygotic twins shows one pair with cancer 
of colon and rectum which may represent complete concordance. As far as uterine 
carcinoma of the cervix is concerned we know from studies by Brobeck (1949) 
and Rojel (1953) that this apparent concordance is likely to be due to exposure to 
exogenic factors or sex habits identical for the two twins. 

The retrospective material, which in itself would hardly justify conclusions, 
show results corresponding to those from the prospective material (Table V). 
Identity of site of the two tumours is found for tumours of breast and of the large 
intestine and stomach as well as for the uterine cervix among the dizygotic. 

It may, however, be of interest that cancer of the lip which usually is considered 
exogenic occurs in both twins of a monozygotic male pair. Both were unskilled 
labourers. The pair with two cancers in each partner may also be noticed. 

With regard to concordance of site we have to admit that our material is too 
limited in size to allow conclusions to be drawn. 


SUMMARY 


In our limited material we have found features suggestive of a feeble hereditary 
tendency in neoplastic diseases. This tendency, however, is not statistically 
significant and seems fully explained by the presence of such neoplastic diseases 
as are known from other studies to be genetically influenced. 


APPENDIX 
Computations and their Background 


For the computation of the expected number of cancer cases in a given popu- 
lation with due regard to age we must know the number of years at risk for this 
population distributed, according to age. If the number of years at risk for 
the age X is denoted L,, and the corresponding incidence of cancer V,, we 
find the expected number of cases by the formula : 


z= 
supposing that we work on a basis of quinquennial age groups. 

In our prospective study the period at risk for an individual pair of twins will 
begin when the first partner is seen in hospital with cancer and duly notified as 
twin, while the other twin has not suffered from cancer. The period at risk for the 
pair will end either at July 1, 1955, or at the date, if earlier, when the second 
twin is first seen in hospital or—if not so—dies with cancer. 
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The incidence V, will be given as the morbidity of cancer observed by the 
Danish Cancer Registry for the years 1943-52 inclusive. Incidence is given for 
cancer of all sites or for a group of sites according to the purpose. 

In our retrospective study the period at risk for an individual pair of twins will 
begin at their fifth anniversary, if both are alive. This arbitrary limit has been 
set because of the uncertainty on mono- and dizygocity and other information in 
cases when one partner died younger than five years old. The period at risk will 
end at January 1, 1942, or at the date, if earlier, when one partner was first known 
to suffer from cancer, possibly at death. The denotation V, will stand for 
the mortality of cancer in Denmark for the period 1931-40 as observed by the 
National Health Service, since it wili mostly be impossible to get information 
retrospectively about a case of cancer which has been cured. 

It is in the nature of a prospective study that the collection of information on 
twin pairs will be unbiased, because it is impossible to foretell whether or not 
a person will develop cancer at a later date. Contrarily, in the retrospective study 
the very fact that a twin died some years earlier will reduce reliability of informa- 
tion on mono- versus dizygocity as well as on the cause of death. 

For the computations mentioned earlier in this paper we have estimated the 
expected number of twin pairs of which one partner has died or developed cancer 
before January 1, 1942, and of which both partners were alive on this date. 

The following denotations were used : 

A’ is the probability that a twin, a, alive at the age of 5, will live to January 1, 
1942, aged x year at this date and without cancer. 

B* is the probability that a twin, a, alive on January 1, 1942, aged x year 
at this date and without cancer will develop cancer before July 1, 1955. 

co is the probability that a twin, a, both twins of the pair, a and 5, alive 
on January 1, 1942, and aged x year at this date without cancer, will develop 
cancer before July 1, 1955, and that the other twin, 6, will not develop cancer 
before a. 

A‘ is taken as the proportion between the number of people living at the 
census 1940 at various ages and the number of this generation living five years old, 
which figure is found from a former census. 

B’ and C* are computed from the morbidity of cancer observed by the 
Danish Cancer Registry for the years 1943-52 inclusive, and from the mortality 
of the Danish population in the period 1946-50. 

We can compute the probability that both twins of a pair, a and 5, are alive 
on January 1, 1942, at an age of > 5 years, and that a develops cancer before b 
and before July 1, 1955, by the formula : 


The corresponding probability for 6 to develop cancer before a will be computed 


by the formula : 


These two probabilites are equal if a and 6 are of identical sex. 
In asimilar way we can compute the probability that twin a lives to January 1, 
1942, at an age of x and develops cancer before July 1, 1955, and that twin 6 has 
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died or had cancer before January 1, 1942, but more than 5 years old. This is found 


by the formula : 
.a- 


In this case, too, we may reverse the sequence of a and b with the same effect 


as given above. 
From official Danish statistics we know the sex distribution of partners of living 


new-born twin pairs. For 1906-40 32-1 per cent are both males, 37-3 per cent 
show one male and one female and 30-6 per cent two females. On the basis of the 
mortality for 1895 to 1900 we can now compute the sex-distribution of living 
twin pairs 5 years old, which is 31-1 per cent two males, 37-3 per cent one male and 
one female and 31-6 per cent two females. 


Twin I: male. Twin I: female Twin I: female. Twin II: male 
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Twin I: male. Twin I: male Twin I: female. Twin II: female 
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Fic. 1.—Distribution by age of twin pairs alive without cancer on January 1, 1942. 
Columns indicate fully notified cases on January 1, 1942. Curves indicate expected 
number divided by five. 
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In the official statistics we find that 1-4 per cent of all births are twin births. 
With due regard to the mortality we will find that at an age of 5 years the number 
of twin pairs with both partners alive will have diminished to 1-15 per cent of 
all births represented at that age by at least one living child. 


Twin I: male. Twin I: female Twin I: female. Twin II: male 
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Fic. 2.—Distribution by age of twin pairs of which one partner (II) has died or developed 
cancer before January 1, 1942. Columns indicate cases fully notified on January 1, 1942. 
Curves indicate expected number divided by five. 


For census figures we know the number aged 5 years at the time of census. 
From these numbers and from the values already given it is possible to compute 
the expected number of twin pairs distributed according to age on January 1, 
1942, of which one partner will get cancer in the period from January 1, 1942, 
to July 1, 1955 (a) if both were alive January 1, 1942, and (6) if one has had cancer 
before this date. The expected curves are given in Fig. 1 and 2. 
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EXPERIMENTAL studies on breast cancer have shown that for the tumour to 
develop in the mouse there are three essential factors: hormonal stimulation, 
the mammary tumour agent (MTA) and the genetic factor. The absence of any 
one of these three is sufficient to prevent or considerably lessen the incidence of the 
tumour. The environmental conditions constitute a fourth factor. A long series 
of researches has enabled us to determine with some exactness the part played by 
each of these factors, and to-day we can say that the aetiological factors in the 
mammary cancer of the mouse represent perhaps one of the surest points that 
have been reached among the many contradictions against which cancer research 
is struggling. 

Things have a much more discouraging aspect in the human field. The infor- 
mation available from the literature on the aetiology of breast cancer is frag- 
mentary and unconvincing. Of the influence of hormonal factors, studied in the 
main indirectly by analysis of the menstrual cycle and gynaecological disturbances, 
very little is known. A great deal of research has been done on the influence of 
hormones on the growth of cancer in the female breast, but this is not relevant to 
aetiology and is, anyway, a frequent source of paradoxical observations : witness 
the inhibiting action of oestrogens on breast cancer in elderly women and the 
beneficial action of orchidectomy and oestrogenic therapy in cancer of the male 
breast. 

In the case of the hypothetical MTA in humans there has never been a 
sufficiently extensive survey to prove conclusively whether it exists or not. 

The hereditary factor has been systematically studied by a large number of 
research workers (Lane-Claypon, 1926; Martynova, 1937; Jacobsen, 1946 ; 
Penrose, Mackenzie and Karn, 1948; Macklin, 1950; Passey et al., 1952; 
Smithers et al., 1952; Bucalossi, Veronesi and Pandolfi, 1954), but while the majority 
of them would admit the existence of a hereditary factor in the genesis of breast 
cancer in human beings, others (Passey ef al., 1952) deny this. The greatest 
obstacle to the study of the part played by the hereditary factor in human beings 
lies in the obvious impossibility of obtaining high incidence strains of breast 
cancer by means of appropriate crosses. However, cases of such crosses do arise 
by chance and hence we get families in which the incidence of breast cancer is 
particularly high. 

In view of the very substantial breast cancer material at our disposal (3988 
cases collected over 28 years), we thought it would be interesting to examine a 
series of cases in which a high family incidence of breast cancer pointed 
to a genetic predisposition to the disease. We might define these cases, in line 
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with experimental usage, as belonging to “high mammary cancer strains ” 
which, when sufficiently numerous to be significant statistically and when com- 
pared with other cases of breast cancer, constitute material suitable for multiple 
analysis. We give here the results obtained from the analysis of 81 cases of 
women with breast cancer whose mothers had died of or been affected with breast 
cancer. 


MATERIAL STUDIED 


From the clinical case histories of 3988 breast cancer patients hospitalized in 
the Cancer Institute of Milan, between 1928 and 1956, it was noted that in 102 
cases the patients were daughters of women affected with or who had died from 
cancer of the breast. Of these 102 cases it was possible to confirm definitely that 
81 of the mothers had had breast cancer (by careful questioning of the relatives 
or by means of death certificates or hospital certificates) whereas in 21 cases this 
datum was uncertain and hence these were discarded. The 81 cases were carefully 
examined by analysis of the clinical case histories, questioning of relatives traced 
or of the patients themselves, if alive, and by means of numerous questionnaires 
sent to the families. The following points were examined with special attention : 
(a) incidence of breast cancer among sisters of the patients, (6) whether the patients 
had been breast-fed or artificially fed, (c) age of the mothers and daughters at 
the time of onset of breast cancer, (d) data regarding the site of the tumour and 
its histological type, (e) marital state, parity and menstrual history, (f) gynaeco- 
logical precedents. 

The control material consisted (1) of the remaining 3886 breast cancer cases 


hospitalized at the Institute from 1928 to 1956 and (2) of 1177 control patients 
without cancer hospitalized at the Institute during the same period. As these 
cases belonged to the same social classes and came from the same geographical 
areas and as the age distribution was sufficiently similar to that of the breast 
cancer cases, they seemed to us very suitable for the purpose. 


(a) Incidence of breast cancer among sisters of the patients 


An obvious question which we asked ourselves on examining our 81 cases was 
whether the appearance of breast cancer in the mothers and daughters was to be 
considered as purely casual or whether a “ familial” factor was involved. To 
answer this question, we sought information on other cases of breast cancer 
among the female relatives of the 81 patients on the hypothesis that if a ‘‘ familial ” 
factor exists, there would be a larger number of breast cancer cases among these 
relatives than in the population at large. Unfortunately, as most of the cases 
were hospitalized many years ago and many of them have died, it was impossible 
to reconstruct a satisfactory pedigree in the majority of the cases, and hence we 
limited ourselves to observing the incidence of breast cancer among the sisters of 
the patients, these being the most easily traceable relatives. It turned out that 
10 patients had had one case of breast cancer among sisters and, in addition, one 
patient had had two cases ; altogether there were thus 12 cases of breast cancer 
among the sisters of the patients. Furthermore, one patient had lost a brother 
through breast cancer. The frequency of breast cancer among the sisters of our 
81 patients worked out very high in comparison with the other statistics known 
to us, as seen in Table I. It is about 15 times higher than that to be found among the 


is 
: 
ay 
mal 


cr 


339 


BREAST CANCER IN MOTHERS AND DAUGHTERS 
sisters of non-cancerous women and 3-4 times higher than that observed among 


the sisters of women with breast cancer. 


TaBLE I.—IJncidence of Breast Cancer among Sisters of Patients Suffering from the 
Disease, among Sisters of Controls and among Sisters of the Patients of Present- 


Series 
Number of breast Number of sisters 
Number of cancer cases with breast cancer 
Author cases among sisters every 100 cases 
Breast cancer cases : 
Martynova, 1937. 201 ‘ 6 2-98 
Jacobsen, 1946 ‘ ‘ 200 ‘ 13 . 6-50 
Penrose et al., 1948 . . 510 23 : 4-51 
Smithers et al., 1952. 704 16 2-27 


Bucalossi et al., 1954 230 12 5-22 


Control cases : 
Jacobsen, 1946 200 2 1-00 
Bucalossi et al., 1954 ‘ ; 


Present series 


The high incidence of breast cancer among the sisters of the 81 cases under 
review confirms that the latter constitute a group of cases belonging to the high 
cancer strains in whose genesis a “ familial” factor seems unquestionably to 


play a part. 


(b) Breast or artificial feeding of the patients as babies 

The problem of the possible existence of a viral factor which plays a similar 
part in the evolution of human breast cancer as that of the mammary tumour 
agent in the mouse has many times been put forward. Horne (1950) sent out a 
questionnaire to 88 mothers of women afflicted with breast cancer asking whether 
they had breast-fed their daughters or not. Of these 88, 9 replied that they had 
not, being unsuitable. On the basis of these replies Horne concluded that breast 
cancer can develop without the presence of any factor transmitted through the 
mother’s milk. Gross (1951) commenting on these results, pointed out that it 
was difficult for an elderly woman to remember whether 30 or 40 years ago she 
had not breast-fed her daughter, if only for a few minutes. Further, even admitting 
that in fact the 9 cases had received no milk from the mother, this does not rule 
out the possibility that the remaining 79 cases were contaminated at least to some 
extent by this means. Penrose, Mackenzie and Karn (1948), comparing a series 
of 79 breast cancer cases with a “ familial ’’ breast cancer history with another 
series of 360 unselected breast cancer cases, found that in the former series 93 
per cent had been breast-fed as against 87 per cent in the second series. 

In 13 out of the 81 cases under review we did not manage to get information 
about feeding. Of the remaining 68 patients 56 had been breast-fed, 9 had been 
foster-fed and 3 artificially fed. These results are compared in Table II with 
3886 cases of breast cancer observed in our Institute and with 1177 patients not 
afflicted with tumours also hospitalized at our Institute. It will be noted that 
there are no significant differences between the three groups of cases. Thus this 


J 


340 P. BUCALOSSI AND U. VERONESI 


result is not favourable to the hypotheses of transmission of a supposed “ tumoral 
agent ”’ through the mother’s milk. 


TaBLE II.—T ype of Baby Feeding in 81 Patients of Present Series, in 3886 Breast 
Cancer Patients and 1177 Control Patients 


Present Breast Control 
series cases 


Type of baby feeding > No. 
Total of known cases. : 956 


* The percentage is referred to the total number of cases in which the type of lactation was known. 


(c) Ages of mothers and daughters at the onset of breast cancer 


In 1951 Morse reported a series of cases he had noted of breast cancer which 
had appeared in mothers and daughters, observing a greater precocity in the 
appearance of cancer in the daughters by over 10 years. This result agreed with 
the one drawn from 21 cases of Jacobsen’s (1946) monograph in which the difference 
worked out at 9 years. Haagensen (1956) in his recent treatise reports a series of 


28 cases in which both mother and daughter had died of breast cancer. The 
average age of the mothers was 57-11 years and that of the daughters 46-21 years, 
giving a difference of 10-90 years. 

In 58 of our cases it was possible to know the exact age of the mothers at the 
onset of breast cancer. Table III shows the 58 cases with the ages of mothers 
and daughters. We give the data in full in case they should be of use to anyone 
wishing to utilize them in conjunction with other case material for statistical 
purposes. The average age of the 58 patients at onset was 49-48 years, the average 
age of the mothers 53-66 years. The difference of 4-17 years is thus far lower 
than that given by previous writers (Table IV). 


(d) Site and histological type of the tumours 

Of the 81 cases 42 were located in the right breast, 36 in the left and 3 were 
bilateral. In 59 cases the exact site of the neoplasia was known : in 22 the tumour 
was situated in the external upper quadrant, in 11 in the internal upper quadrant, 
in 4 cases in the external lower quadrant, in 5 in the internal lower quadrant and 
in 10 cases in the central quadrant. In 2 cases the neoplasm occupied the upper 
half and in one the lower half, in one case the left half and in 3 cases a large part 
of the mammary gland. The distribution by quadrants thus does not differ 
appreciably from the usual run of breast cancers, as shown in Table V where the 
59 cases are compared with a series of 1000 consecutive cases of breast cancer 
taken from the 3886 of the Cancer Institute of Milan. 

Of the 81 cases of the present series 15 had previously been operated on at 
other hospitals, and we were able to obtain the slides for consultation in 7 of these, 
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al 
TaBLeE III.—Age, at Onset, of 58 Mothers and Daughters with Breast Cancer 
Record number Mother's age Daughter's age Difference 

12 , 72 ; 47 —25 
st 26 49 37 —12 
182 46 41 —5 
430 37 35 -2 
671 67 49 —18 
688 ‘ 62 54 —8 
798 44 40 —4 
954 51 : 50 = | 
986 60 65 +5 
1065 39 53 +14 
1126 65 48 —17 
1271 36 31 
1376 52 50 —3 
1488 63 55 —8 
1577 61 49 —12 
1617 73 56 —17 
1629 70 56 
1657 72 55 —17 
1661 51 49 —3 
1873 48 44 —4 
2171 48 45 —3 

2238 40 54 +14 
, 2264 43 52 +9 
1e 2347 67 52 —15 
2376 50 45 
2395 48 65 +17 
be 2413 44 39 =f 
of 2418 33 48 +15 
6 2432 66 47 —19 
2439 38 36 —2 
8, 2544 44 53 +9 
2686 46 27 —19 
2739 57 40 —i7 
2757 51 36 —15 
rs 2779 56 51 —5 
1e 2785 51 69 +18 
al 2926 50 43 J 
2934 45 34 —11 
re 3001 60 65 +5 
r 3078 44 49 +5 
3092 66 62 —4 
3123 57 42 —15 
3216 34 57 +23 
3283 44 70 +26 
3399 68 72 +4 
3413 35 62 +27 
re 3476 46 60 +14 
r 3498 72 46 —26 
3518 70 78 +8 
t, 3530 59 54 —5 
d 3532 60 61 +1 
3535 76 44 —32 
3680 43 42 ~1 
rt 3733 62 43 —19 
or 3778 48 31 -—17 
3823 67 54 
3871 40 44 +4 
or 3876 66 34 —32 


1. 
Average . 49-482 . —4-173 
B, 
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TaBLE IV.—Average Age of Breast Cancer, at Onset, in Mothers and Daughters, 
in Jacobsen’s, Morse’s, Haagensen’s and Present Series 


Number of Mean age of Mean age of : 
Author mothers daughters Difference 


Jacobsen, 1946 . 57-38 48-38 9-00 
Morse, 1951 57-46 47-00 10-46 


Haagensen, 1956 . ‘ 57-11 46-21 10-90 
Present series 53-66 49-48 4°17 


Total . 120 55-52 48-26 7-26 


TaBLE V.—Site of Breast Cancer in 59 Cases of the Present Series and in 1000 
Consecutive Breast Cancer Cases of the National Cancer Institute of Milan 


59 cases 1000 consecutive cases 
of present series of breast cancer 


Quadrant No. 


Outer upper . 22 
Inner upper . ll 
Outer lower . 4 
Inner lower . ‘ 5 
Central ‘ ‘ 10 
More than one quadrant . 7 


Total . 59 


it not being possible in the other 8 cases. Altogether, therefore, we possess the 
histological examinations of 73 patients, divided as follows : 


Carcinoma of no special type 
Infiltrating comedocarcinoma 
Papilliferous carcinoma 

Apocrine carcinoma 


In 2 cases we found carcinoma coexisting with chronic cystic mastitis. In 
one case of papilliferous carcinoma the mammary gland proved to be disseminated 
with intraductal papillomata. Excluding the three cases of bilateral carcinoma 
the contralateral breast proved to have normal clinical characteristics in all cases 
with the exception of one patient of 50 years in whom chronic cystic mastitis was 
found. In another case, that of a woman of 40 years, a fibro-adenoma had been 
removed 17 years before. Three patients had suffered from mastitis during 
breast-feeding of their children. 

Two patients had been subjected to prolonged hormonal treatment in the years 
prior to the appearance of breast cancer. In the first case, a woman of 50 years 
had undergone treatment with oestrogen hormones continuously for two years 
previous to the appearance of cancer, having taken a total dose of 50 mg. of 
estradiol benzoate. In the second case, a woman suffering from mastodinia began 
to have diethyl]-stilboestrol hormone treatment at the age of 43 years and continued 
this on and off for four years, the total dose being about 800 mg. of hormone. 
After this period the patient noticed a hardening of the breast and a biopsy 
revealed the existence of widespread cystic mastitis with numerous minute nests 
of multicentric carcinoma. 
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(e) Marital state and menstrual history 


Of the 81 patients 14 were single and 8 married without children : the nulli- 
parous therefore numbered 22 ; 13 patients had one child, 33 two or three children 
and 13 had four or more. Table VI gives a comparison of the 81 cases as regards 
parity with 3833 patients suffering from breast cancer, comparable as regards 
the above classification. Table VII compares the average number of children per 
patient in the present series with our breast cancer cases generally and with the 
controls. These data confirmed the well-known fact that the incidence of human 
breast cancer is in inverse proportion to the number of pregnancies. 


TaBLe VI.—Parity in 81 Cases of Present Series and in 3733* Breast Cancer 
Cases of the National Cancer Institute of Milan 


81 case of 3733 breast cancer 
i cases 


Parity No. 
Nulliparous . ‘ 22 27-16—«x 932 24-96 
With child 13 16-05. 730 19-56 
With 2or3children.. 33 40-7 1227 32-87 
With 4 or more children ‘ 13 16-05 : 844 22-61 
Total . 81 100-00 3733 100-00 


* Among the 3886 cases of breast cancer, in 153 the parity was unknown. 


TaBLeE VII.—Average Number of Children in Cases of Present Series, in Breast 

Cancer Cases and in Control Cases 

Average number 
of children 


81 cases of present series . ° 2-16 
3733 breast cancer cases 2-26 
1060 control cases . 2-82 


The length of menstrual history, which can be taken as an expression of ovarian 
activity, has been investigated in several series of women with breast cancer 
(Lane-Claypon, 1926; Olch, 1937; Heiberg and Heiberg, 1940; Brachetto- 
Brian et al., 1950; Smithers et al., 1952) and the investigators agree in finding 
longer menstrual life in women with breast cancer than in the general population. 
In some of these studies, however, the control material is insufficiently convincing. 
Indeed, for a comparison to be valid, both the patients and the controls should 
belong strictly to the same social class and to the same geographical area (it is 
enough to remember the difference between women from rural and urban areas 
or from different altitudes) and, if possible, comparable as regards parity. Bearing 
these factors in mind, we examined and compared the age of menarche and of 
menopause in the 81 cases of the present series, in 1000 cases of breast cancer and 
in 500 non-cancerous women used for control purposes. All those cases were 
collected in the Cancer Institute of Milan during the same period of time (1928-56) 
and represent a preliminary series of cases from a wider investigation which 
will be published later on. Results are given in Tables VIII and IX. While 
the average ages of onset of menstruation show no significant differences as 
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between the 81 cases of the present series, the 1000 cases of breast cancer 
and the 500 non-cancerous controls, the average age of menopause in the 46 
cases in which menstrual life had ceased (48-85 years) is about a year later 
than the average age of menopause among the controls (47-84) and about 
9 months later than the average age of menopause in the 1000 breast cancer 
cases (48-09). 

TaBLEe VIII.—Age Distribution at the Menarche of the 81 Patients of Present 

Series, of 1000 Patients with Cancer of the Breast and 500 Control Patients 


Present series Breast cancer 
Controls 


| 
| 


1000 
Mean age : Mean age: 
13-631 years 13-788 years 


Mean age : 
13-654 years 


TaBLE IX.—Age Distribution at the Menopause of 46* Patients of the Present Series, 
of 1000 Patients with Cancer of the Breast and of 500 Control Patients 


Present series Control 
cases* cases 


SIS xo 
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More than 55 . 


Total 


Mean age : 
48-093 years 


* Out of 81 patients, 35 had not reached the menopause. 


(f) Previous gynaecological diseases 

Of the 81 patients 74 had not suffered from gynaecological complaints; 4 
patients had been operated on for or were afflicted with uterine myoma ; one patient 
of 72 years had been treated with radium 10 years before for adenocarcinoma of 
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the body of the uterus ; two patients had under goneremoval of uterine polypi. 
In none had a patient undergone surgical removal of the ovaries. 


DISCUSSION 


The first conclusion emerging from this study is that the 81 breast cancer 
patients under examination really do belong to families with a high incidence of 
breast cancer: indeed, the incidence of the disease in sisters of these women, 
whose mothers had likewise been afflicted, proved to be about 15 times as great 
as in the general population. Furthermore, as the presence of a viral factor 
cannot be proved (the same goes for any other exogenous factors), it is likely that 
the high family incidence is determined in these cases by a genetic factor. 

The search for any other possible characteristics differentiating the 81 cases 
examined from other breast cancer cases gave negative results as regards: (1) 
feeding in early infancy, (2) site in the breast and histological type of the tumour, 
(3) marital state and parity. The right proved to be more affected in the cases 
under examination than the left (whereas it is usually the opposite). The length of 
menstrual life turned out to be slightly greater as menopause occurred somewhat 
later in the 81 women in this series both in comparison with another series of 
breast cancer cases and with the control series. 

The age of onset of carcinoma in 56 patients proved to be about 4 years lower 
than in their mothers. This figure is lower than the figures given by other authors. 
The phenomenon has not yet been satisfactorily explained, though a likely explana- 
tion has been put forward by Busk (1947), who regards it as apparent rather than 
real inasmuch as younger women are more likely to remember the occurrence of 
breast cancer in their mother than older ones and therefore the series of the 
daughters would tend to be made up of younger women with breast cancer. More- 
over, if the phenomenon were real, the earlier onset of the breast cancer in successive 
generations should lead in the course of a certain number of generations to self- 
elimination of the strains predisposed to breast cancer and hence to a decrease in 
the incidence of breast cancer in the general population. But this does not seem 
to happen. 

Experiments on breast cancer in mice have shown that the hereditary factor 
may act, in conditioning the spontaneous incidence of cancer, by three different 
paths : (1) the control of propagation and transmission of the MTA, (2) the control 
of production of the hormonal stimulation and (3) the control of the response 
of the mammary tissue either to mammary tumour agent or to hormonal stimula- 
tion (Heston, 1954). 

In human beings, as the results point to the absence of the MTA (at least as 
regards transmission through the mother’s milk), the question is reduced to the 
following : ‘‘ Does the genetic factor increase the likelihood of breast cancer by 
increasing (or qualitatively altering) the production of hormones which stimulates 
the mammary gland or by increasing the response of the mammary tissue even 
to normal stimulation ?” The slight prolongation of menstrual life in the women 
of the series under examination in comparison with other cases of breast cancer 
might perhaps tell in favour of the first hypothesis. The difference, however, is 
very slight and the number of cases examined too small. Two women complained 
of onset of breast cancer after prolonged administration of oestrogens, of which it 
seemed to be the direct consequence. As the quantity of hormones administered 
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was not high, one is inclined to think that the mammary glands of these women 
were peculiarly sensitive to oestrogens. Two cases are not many, but in view of 
the well-known rarity of cases in which hormones have been clearly responsible 
for the appearance of breast cancer, their significance must not be overlooked ; 
moreover, they must be added to the cases already known (Auchinloss and 
Haagensen, 1940, ‘‘Medicolegal Abstracts’’, 1948), in which hormonal carcinogenesis 
occurred in women with family histories of breast cancer. 

Our study has yielded no definite conclusion on the genetic factor’s mechanism 
of action in the origin of breast cancer. Further research is necessary ; in particular, 
the completest possible analysis of the hormonal condition of women with a family 
history of breast cancer and, possibly, a histological study of the responsiveness 
of their mammary glands to hormone treatment. 


SUMMARY 


Eighty-one patients with breast cancer, whose mothers had also been afflicted 
by the same disease were regarded as belonging to “high mammary cancer 
strains ’’, this being confirmed by the high incidence of breast cancer in their 
sisters (namely 15 times as great as in the general population). The comparison 
carried out between these 81 cases and a series of 3886 breast cancer cases observed 
in the Cancer Institute of Milan, showed no differences as regards (1) baby feeding, 
(2) site in the breast and histological type of tumour or (3) marital state and parity. 

The length of menstrual life, supposed to be an expression of ovarian activity, 
proved to be slightly greater, as menopause occurred later in the 81 women of this 
series both in comparison with another breast cancer series and with the control 
series. 

The age of onset of the disease in 56 patients proved to be about 4 years lower 
than was the case with their mothers. In two cases cancer showed itself after 
prolonged, even if not very intensive oestrogen therapy. From this study it would 
appear probable that the “ familial” factor favourable to the rise of breast 
cancer resolves itself into a “ genetic” factor ; its possible mechanism of action 
(either by the production of an abnormal hormonal stimulation or by an increased 
sensitivity of mammary tissue to hormones) is briefly discussed. 


The authors are indebted to Dr. Pellegris for help in compiling the data. 
This investigation has been supported by grants to the National Cancer 
Institute of Milan from the Italian League against Tumours. 
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In the days when the current text-books on pathology were being written 
the classification of thymic tumours was almost entirely an academic exercise. 
The tumours were met with in the post-mortem room on rare occasions, either 
as a cause of death or as an incidental finding. Apart from the rare examples 
in myasthenia gravis, the tumours which had caused death were necessarily 
sufficiently extensive to make it at least doubtful whether they had in 
fact originated in the thymus ; their histological details were often blurred by 
delay in fixation or, had the growths been diagnosed during life, rendered almost 
undecipherable by irradiation. In any case, the patient being already dead, 
the question of prognosis did not arise. 

With the increasing number of thymic growths being diagnosed by means 
of mass radiography, and with their subsequent removal almost a matter of 
course, the problem of classification and prognosis is becoming more urgent. 

Although we have referred to classification in the past as an academic exercise, 
yet it has been undertaken many times, and the newcomer to thymic pathology 
is faced with a bewildering variety of possible schemes to choose from. What is 
clearly the same tumour may be given different names and widely different histo- 
genetic interpretations ; growths included in the scheme of classification by one 
writer may well be excluded, as not of thymic origin, by others. 

Iverson (1956) in a recent contribution to the subject classifies thymomas simply 
into only two histological subgroups, the myasthenic and the non-myasthenic, 
after excluding as not of thymic origin several other types of tumour which arise 
in the anterior mediastinum. Others, such as Symmers (1933) and Andrus and 
Foot (1937) have adopted classifications with names for each of a number of 
histological subdivisions. Castleman (1955), in his admirable fascicle on tumours 
of the thymus gland describes a number of recognisable patterns without attaching 
names to them all. From a different angle Lowenhaupt (1948) proposed a lengthy 
and complex thymic tumour classification based on the embryological appearances 
of the developing thymus gland and related the various tumours to their degree 
of developmental maturity. This resulted in many histological subdivisions 
with complex descriptive titles and her classification has proved difficult to use 
in practice. 

The wide variety of classifications proposed, with the inclusion or exclusion 
of certain tumour types, emphasises the contrasting views held. These 
divergences of opinion extend to estimates of the incidence of malignancy in 
thymic tumours. Castleman (1955) states that he has not yet seen a metastasising 
thymoma, whereas Lowenhaupt (1948) found several examples, and Reid and 
Marcus (1949) traced 296 thymomas in the literature of which 215 were designated 


malignant. 
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MATERIAL 


With these controversial points in mind, a series of thymic tumours has 
been collected from the surgical and post-mortem material of the Bland-Sutton 
Institute for the past twenty years, in an attempt to clarify some of these problems. 
This material has been carefully scrutinised and only those cases with histological 
sections available from the actual thymic site have been retained. Cases with 
tumours in the thymic region but with histological sections of the metastases 
only have been excluded, so that many examples of almost certain thymic neo- 
plasm have been omitted in order to establish the histological features of this 
group of tumours. A small number of cases operated upon by Mr. T. Holmes 
Sellors at other hospitals are also included in the series. After careful examination 
of the clinical records and the histological material 67 cases are available for further 


analysis. 


NORMAL DLEVELOPMENT AND HISTOLOGY 


A knowledge of some of the anatomical and histological features of the normal 
thymus is of assistance in considering the pathology of thymic neoplasia. 

Embryologically the thymus develops in the neck and subsequently descends 
into the thorax. The site of the adult thymus is very variable and thymic tissue 
has been found in the neck (Fig. 19) and in sites within the mediastinum in relation 
to the sternum, the lungs and pleura, the bronchi, the heart and even 
the diaphragm (Castleman, 1955). 

Low-power microscopic examination of a normal thymus shows a clear sub- 
division into a paler stained medulla or core, and a lobulated darkly staining 
cortex (Fig. 1). Scattered throughout the medulla are the characteristic 
concentric corpuscles of Hassall (Fig. 3, 20), and there is a tendency to regard 
these as the only epithelial elements of the gland, the rest being lymphoid tissue. 
Closer investigation, however, shows the basal layer of the thymic epithelium 
out on the surface of the cortex (Fig. 2), cubical and darkly staining cells in which 
occasional mitoses may be found. In the cortex the epithelial cells derived 
from the multiplication of the basal cells are intimately mixed with large numbers 
of lymphocytes, and are with difficulty distinguished from them. In the medulla 
there are far fewer lymphocytes, and the epithelial cells, more easily identified 
now, are larger, paler staining, and form a reticular network. In this region 
binucleate forms or syncytial groupings may be found (Fig. 3, 32). The reticular 
epithelial cells of the medulla merge with the peripheral layer of the Hassall’s 
corpuscles. These latter structures most often consist only of concentric layers 
of degenerate epithelial cells, the degeneration often resulting in the liberation 
of fat, so that foam cells or cholesterol crystals may be present, and calcification 
may eventually occur (Fig. 20). Sometimes the layers of maturation of surface 
epidermis are seen, with a stratum granulosum and a central keratin pearl. 
Another common feature of the normal thymus rarely mentioned in text-books 
is the presence of eosinophils, which may be found scattered throughout the gland. 
In view of the variety of sites in which thymic tissue may normally be found it 
is often difficult to decide whether a given tumour is really of thymic origin or 
not ; and in resolving this problem the discovery of these characteristic calcified 
remains of Hassall’s corpuscles within the substance of the tumour may be of 


great help (Fig. 34). 
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HISTOLOGICAL CLASSIFICATION 


After many trials we have found it most convenient to classify thymic tumours 
histologically according to the following scheme. No new categories are proposed, 
all have been selected from previous writings on the subject, though there may be 
differences of opinion about the interpretation of some of the tumours, notably 
that designated the granulomatous type of epithelial thymic tumour. The fact 
that this is a controversial subject, with doubts and differences of opinion not 
only on the histogenesis of some of the tumours but even on whether they are 
indeed tumours or of thymic origin, should stimulate us to explore the problem 
rather than deter us. The various categories we have selected, with the numbers 
of cases in each in parenthesis, are as follows : 


I. Epithelial (54 cases)— 

(a) Differentiated or epidermoid (7). 
(b) Oval or spindle cell(7). 
(c) Lympho-epithelioma (5). 
(d) Granulomatous(15). 
(e) Undifferentiated (20). 

II. Lymphoid (10). 

III. Teratomatous (3). 


In the remainder of this paper the histological features of the groups we have 
specified will be illustrated, together with such information as is at present available 


on their behaviour. 


I. Epithelial Thymic Tumours 


The term thymoma has been applied in so many different ways by different 
writers to some or all of these tumours that it is not safe to introduce without 
definition ; we shall use it as a general term covering all epithelial thymic tumours. 

The epithelial thymic tumours, much the largest group of thymic neoplasms, 
are difficult to subdivide for two reasons. The first source of difficulty is the fact 
that there is continuous variation within the epithelial group, depending on the 
type or degree of differentiation, and it is debatable how many or how few sub- 
groups, merging into one another, to try to define. The second reason is that 
the tumours are often heavily infiltrated with lymphocytes, a feature which 
obscures the underlying epithelial cells and makes it difficult to distinguish 
their type and arrangement. These lymphocytes vary in prominence from one 
part of a tumour to another (Fig. 6, 9, 10) whilst occasionally tumours are met 
with in which there are scarcely any (Fig. 4). We have not regarded the presence 
or absence of lymphocytes as a factor in our classification of the epithelial tumours 
with the exception of the third subgroup, lymphoepithelioma, the inclusion of 
which group: does not imply the absence of lymphocytes from tumours of the 
other named types. 


(a) Differentiated or epidermoid thymic tumours 
Differentiated or epidermoid thymic tumours are composed of large, polygonal, 
pale pink staining cells forming coherent sheets (Fig. 4), comparable with those 
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seen adjoining the Hassell’s corpuscles in the medulla of the normal gland. In 
some areas the cells are arranged in whorls, and in one tumour in the series there 
were formations indistinguishable from normal Hassall’s corpuscles present, 
not only in the primary growth but in the glandular deposits also (Fig. 22, 25). 
A pseudo-acinar arrangement is seen in other areas with palisade-like basal cells 
around vascular bundles in the stroma, and there is a tendency for the stroma 
to degenerate, leaving the palisade cells apparently around a cystic space (Fig. 7, 
26, 29). Most of the tumours in this group showed lymphocytic infiltration, 
at least in some areas, and in places this was dense. The extent to which this 
lymphocytic infiltration modifies the epithelial appearance of the tumour is seen 
in the upper right part of Fig. 6. 

There were 7 examples of differentiated or epidermoid thymic tumours in 
this series, 4 males and 3 females, their ages varying from 35 to 68, with an average 
of 52. This is the subgroup in which the incidence of myasthenia gravis is greatest, 
4 out of the 7 patients. Thymectomy was performed on 3 patients, 2 of them 
myasthenic. These 2 had post-operative deep X-ray therapy; one, whose 
tumour showed fully formed Hassall’s corpuscles is alive and well on reduced 
doses of prostigmine 6} years after operation, the other was only recently operated 
upon. The tumour in another myasthenic proved inoperable; she had deep 
X-ray therapy and lived 4 years before dying with tumour in lung, chest wall, 
cervical, mediastinal and upper abdominal lymph nodes, and also deposits in 
the Pouch of Douglas ; it is often stated that the tumour in myasthenics never 
extends outside the thorax. Another patient with an epidermoid thymic tumour, 
without myasthenia, had deep X-ray therapy to his mediastinal mass and lived 
8 years before he died of mediastinal obstruction. The other 3 patients in this 


group died, 2 with mediastinal obstructions and one with myasthenia, without 
treatment of the tumour. 


(b) Oval- and spindle-celled thymic tumours 

Though it is now generally accepted that these tumours are epithelial, the 
nature of their constituent cells has been much debated in the past, and it is to 
these two types that the non-committal term thymoma has most often been 
applied. 

The age incidence of these two types of thymoma covers a wide range, in this 
series from 29 to 64 with an average of 44 years. 

Oval-celled tumours.—In some epithelial tumours of the thymus the cells, 
though still forming sheets, are smaller and darker stained and approximate 
to oval in shape, their appearance being well shown in Fig. 8. They resemble 
the cells at the outer part of the normal thymic cortex, and where the tumour 
cells bound a vascular stromal space their likeness to the cells in Fig. 2 is striking. 
The general arrangement of this type of tumour, with areas of whorling and cystic 
spaces lined by flattened cells, is shown in Fig. 27. Though we have made this 
a separate type there is some overlap between this type and the preceding one, 
and areas suggestive of each type may be found in the same tumour. Once 
again in this type of tumour there may or may not be a considerable infiltration 
with lymphocytes. There are 4 examples of oval-celled thymomas in the series, 
3 males and 1 female. One patient had myasthenia; all are alive and well 
up to 5} years after thymectomy. 
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Spindle-celled thymoma.—The microscopic appearance of the spindle-celled 
thymic tumour is very characteristic, with its bands and whorls of elongated 
cells. Although at first sight these tumours may appear to be of connective 
tissue origin, their staining reactions suggest that they are in fact epithelial, a 
view which is supported by the occurrence of transitions between fully developed 
examples of this type and more obviously epitheilal thymomas. The epithelial 
cells of the regressing thymus may normally assume a spindle shape. The 
characteristic histological appearance of this type of thymoma is shown in Fig. 9, 
28, and in Fig. 10 is illustrated the modification effected by heavy lymphocytic 
infiltration. 

Of the 3 patients with tumours of this type, all females, none had myasthenia 
gravis, but 2 died, one from mediastinal obstruction and the other from 
bronchiectasis. No metastases have been found with these tumours. 


(c) Thymic lympho-epithelioma 

We have applied the term thymic lympho-epithelioma, the propriety of which 
will be discussed later, to a small group of thymic tumours with a characteristic 
histological appearance. A uniform syncytial network of large pale epithelial 
cells, such as make up the epithelial reticulum of the normal thymic medulla, 
is uniformly peppered with lymphocytes, in places so heavily that the epithelial 
cells are with difficulty identified (Fig. 11). Careful search reveals occasional 
areas with sufficiently few lymphocytes for the epithelial nature of the underlying 
cells to be appreciated. These tumours, like the others so far considered, are 
firm and at first encapsuled, showing on section the fibrous trabeculation which 
is so often a feature of thymomas. 

There were 5 examples of this type of thymoma in the series, 4 of them females, 
1 was 29, 2 were 30 and the others 45 and 47 ; the average age of 36 being a little 
younger than in the previous types. Three of the patients had myasthenia 
and one of them died of an acute exacerbation following pregnancy. The other 
2 myasthenics are alive and well on reduced prostigmine dosage. Two of the 
non-myasthenics have died—one from suicide without evidence of recurrence, 
the other from superior vena caval compression. 


(d) Granulomatous thymoma 


Thymic tumours of the granulomatous type are composed of epithelial cells 
similar to those in the previous type together with multinuclear giant cells of 
various forms, accompanied by fibrous tissue which varies in density and cellu- 
larity, and an admixture of lymphocytes and eosinophils. This is the type of 
thymic tumour which histologically simulates the tissue of Hodgkin’s disease. 

There were 15 patients, 9 female and 6 male who had thymic tumours of this 
type, their ages ranging from 13 to 56 years with an average of 30. Ten of the 
patients had their tumours removed or biopsied during life, the histological 
diagnosis in the others was made on post mortem material. Of the 15 patients 
in this group, 13 have developed metastases from the primary thymic site and 
9 have died from the disseminated disease, the time interval from diagnosis to 
death varying from 4 months to 8 years, with an average of 3 years. Five of the 
6 patients still alive have had a thymectomy performed, all but one with additional 
radiotherapy before or after the operation, and their length of survival at the 
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ime of writing varies from 6 months to 3 years. The other survivor had radio- 
sherapy to an inoperable thymic tumour of this type, from which the biopsy 
shown in Fig. 14 had been taken at an exploratory thoracotomy, and is alive 
and apparently well 3 years later. This is the group of thymic tumours in which 
radiotherapy appears to be of most value. 

The metastases in the 13 cases mentioned above were situated as follows :— 


Liver . 

Spleen 

Lung . 

Kidney 

Pancreas 

Although occasionally coherent sheets of epithelial cells may be found some- 

where in the tumour (Fig. 13), the epithelial cells in this granulomatous variety 
are usually isolated and assume various forms. In addition to the normal cell 
type there are mononuclear tumour giant cells, mirror image or “ owl’s eye” 
type cells (Fig. 30) and multinucleate giant cells with 3, 4 or more nuclei (Fig.31) 
comparable with those seen in the normal thymus (Fig. 32). The fibrous tissue 
which is a regular feature of these tumours appears to be a result of the fibroblastic 
response elicited by the invading epithelial cells and increases in amount 
and density with the age of the lesion (Fig. 15 and 16), the oldest areas of the 
tumour eventually becoming hyaline masses of collagen with cell remnants few 
and far between (Fig. 17). These growths early metastasise to lymph glands, 
and lymphatics at the margin of the tumour may be seen to contain groups of 
epithelial cells only. 


(e) Undifferentiated epithelial tumours 

The largest single group in this series comprises tumours which are made up 
of poorly differentiated epithelial cells usually with numerous mitoses and other 
indications of rapid growth (Fig. 12, 18 and 23). Although there are various 
patterns within this group depending, among other things, on the amount and 
arrangement of the fibrous stroma there seems no practical value in further 
subdivision as their behaviour is uniformly bad. These tumours are almost 
invariably inoperable when first seen and therefore rarely feature in surgical 
series. 

The ages of the 13 males and 7 females in this group varied from 27 to 71 
years, with an average of 48. The grave prognosis for patients with tumours of 
this kind is emphasised by the fact that only one of the 20 has survived even one 
year from the time of diagnosis. This patient had irradiation to the thymic 
site followed by a thymectomy, and is alive and well 15 months later. The 19 
fatal cases were treated by a variety of methods including thymectomy, irradiation 
or a combination of the two. It is notable that in 16 of the 19 fatal cases there 
was obstruction of the superior vena cava by direct extension of the growth ; 
the sites of metastasis or direct spread of these undifferentiated tumours was 
as follows : 


Chest wall 
Trachea . 
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Il. Lymphoid Tumours 


Lymphosarcoma may arise from the thymic lymphoid tissue, just as it may 
from such tissue elsewhere in the body. Usually it shows sheets of small lympho- 
cytes, commonly with occasional scattered large pale more primitive cells of the 
lymphoid series (Fig. 33), and areas of necrosis are often present. If the tumours 
are large it may be difficult or even impossible to decide whether they originated 
in the thymus itself or in nearby lymph nodes. 

There are 10 examples of lymphosarcoma of the thymus in the present series, 
3 in male and 7 in female patients. Their ages vary from 8 to 70, with an average 
of 28 years. With one exception all the patients died within a year of diagnosis 
with extensive involvement of lymph glands and, in 2 cases, terminal leukaemia. 
The sole survivor, a woman of 51, is alive 3} years after thymectomy. 


Ill. Teratomas 


The anterior mediastinum is a not uncommon site for teratomas, and 
Schlumberger (1951) concludes that such tumours arise within the anlage of the 
thymus. The 3 tumours in our series, all in young adult males, proved malignant, 
though Schlumberger suggests that only a third of all anterior mediastinal tera- 
tomas are so. Surgical removal was attempted in one of our cases, another was 
treated by radiotherapy, and the third died soon after admission untreated. 

Histologically the usual mixture of tissues is seen, two representative fields 
from the tumour partly removed surgically are shown in Fig. 35, 36. 


Features in common 


In addition to the specific histological features of the various groups enumerated 
above, there are some points which are common to two or more tumour types. 
In the epithelial tumours cyst formation is a common feature, as also is 
a pseudo-cystic degeneration of the stromal processes (Fig. 7, 29). The true cysts 
often contain foam cells or cholesterol crystal clefts (Fig. 5). Another feature 
which is conspicuous in the more malignant types is extensive necrosis of the 
growth (Fig. 18), commonly seen in lymphosarcomas of the thymus (Fig. 34). 
Just as the normal thymus is conspicuously lobulated so are many thymic tumours 
divided into lobules by fibrous septa which fuse with a fibrous capsule (Fig. 21), 
and in some tumours the collagenous background may be so extensive that an 
appearance of islands of tumour surrounded by broad interlacing bands of fibrous 
tissue results (Fig. 24). There may be areas of calcification in this fibrous tissue, 
apart from the calcified Hassall’s corpuscles, which, as already mentioned, may 
be encountered either here or in the main body of the tumour. 


DISCUSSION 


There are various aspects of this series of thymic tumours and the histological 
classification suggested for them which require consideration. 

One of the most striking features of the epithelial thymomas is the degree 
to which they may be infiltrated with lymphocytes and the extent to which 
this obscures the basic epithelial cells and modifies their histological appearance. 
This lymphocytic infiltration varies in different parts of the same tumour and in 
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different examples of what is fundamentally the same growth, without apparently 
affecting their behaviour ; for this reason the extent of lymphocytic infiltration 
has not.been taken into account in classification. It will be noticed that the 
reputation of thymic lymphosarcoma for relatively low malignancy is not 
supported by the few examples in this series, 9 out of 10 of whom were dead 
within a year. There can be little doubt that in the past a histological 
diagnosis of thymic lymphosarcoma was often erroneously made on what was 
in fact an epithelial tumour densely infiltrated with lymphocytes. To make 
the histological distinction between a lympho-epithelioma and a lymphosarcoma 
may at times be very difficult, as Ewing (1929) stresses, and a considerable 
personal equation must enter into the decision. The difficulty is even greater 
if fixation is in any way delayed as the epithelial cells degenerate more quickly 
than the lymphocytes. The distinction is clearly a very important one from the 
prognostic point of view, but the possibility must remain that a mis-diagnosis 
may be made after searching in vain in a tumour rich in lymphocytes for sheets 
of cells or cells with a convincing epithelial appearance. From the subsequent 
course it begins to look as though this error may have been made in the one 
survivor of our group of lymphosarcomas. 

Our object in this study was not only to evolve a workable classification of 
thymic neoplasms, but also to get some ideas of the relative frequency of the 
various types and of their degree of malignancy. The difficulty of being sure 
of the thymic origin of these growths has led in recent times to a tendency to 
include only tumours which are removable entire surgically in published series, 
a policy which over-emphasises those thymic tumours which are of low malignancy; 
and it was to counteract this that we included those anterior mediastinal tumours 
encountered post mortem which could reasonably be regarded as of thymic 
origin. In our series of thymic tumours all shades of behaviour are represented, 
from simple growths through those of local malignancy and powers of infiltration 
to tumours of high malignancy which rapidly ~netastasise widely. Thus the 
so-called oval-celled thymoma and lympho-epithelioma have in our experience 
proved quite benign, slowly growing encapsuled tumours with no metastases in 
any of our examples. The spindle-celled tumours are a little more aggressive, 
but no metastases have been observed ; one of the patients in this group died 
from compression of the superior vena cava. The differentiated epithelial 
thymomas are at first enclosed in a fibrous capsule but later show signs of local 
invasiveness and may eventually metastasise within the chest and rarely outside 
it. Our example of a myasthenic with an epithelial thymoma which led to deposits 
in the pelvis appears to be one of the first on record which had extended outside 
the thorax. Granulomatous thymomas are at first circumscribed, but are rarely 
encountered at this stage ; they soon infiltrate “wrrounding structures, especially 
the superior vena cava, and early give rise to glandular metastases. They react 
very well to irradiation though they eventually prove fatal after a variable 
number of years. The lymphosarcomas, undifferentiated carcinomas and tera- 
tomas are uniformly highly lethal, death usually ensuing within the year. It 
is notable that these last three categories of ominous significance make up just 
half the total number of cases. 

The features of the granulomatous thymoma, a tumour in which there is a 
granulomatous response to malignant epithelial cells and with a resemblance 
to Hodgkin’s tissue, were clearly set out by Lowenhaupt (1948) and by Eisenberg 
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and Sahyoun (1950). Nevertheless many writers are unconvinced by the 
arguments for regarding this as an epithelial tumour, considering it merely as 
Hodgkin’s disease originating in the thymus. Not only do we accept this neoplasm 
as primarily epithelial in origin, but finding difficulty in applying Eisenberg 
and Sahyoun’s criteria for differentiating these granulomatous thymomas from 
Hodgkin’s disease, the suggestion has been made (Thomson, 1955) that Hodgkin’s 
disease represents a metastatic dissemination of more malignant varieties of 
granulomatous thymomas. This matter is at present sub judice. In considering 
the merits of the theory it must be remembered how often ectopic thymic tissue 
is found in the neck and elsewhere, and the possibility of the neoplasm arising 
in such foci should be kept in mind. Furthermore, though Lowenhaupt (1948) 
designated this type of tumour ‘‘ Carcinoma of Granulomatous Pattern (Carcinoma 
of Late Hassall’s Corpuscles) ; Thymic Hodgkin’s Disease ’’ anything resembling 
a Hassall’s corpuscle in these granulomatous tumours is in our experience unusual, 
and it may be that a similar granulomatous response is sometimes evoked by 
epithelial neoplasms arising in other structures of branchial origin, normal or 
ectopic, such as branchial cysts. 

There is a further possibility of confusion between thymic tumours and 
“malignant reticuloses’’ Some types of undifferentiated epithelial thymoma 
have a marked similarity to reticulum cell sarcoma, that convenient designation 
for so many poorly differentiated neoplasms, and it is pertinent that in Roulet’s 
(1930) original paper on reticulosarcoma the anterior mediastinum was specified 
as a favourite site for these neoplasms, which in some instances were actually 
stated to be massively replacing the thymus. 

The association with myasthenia gravis forms another interesting aspect of 
thymic neoplasia. In a purely surgical series the frequency of tumours associated 
with myasthenia gravis is likely to be exaggerated, because this condition often 
calls for the removal of the thymus, in which tumours at an early stage of 
development may be found. In the present series only 8 of the 66 cases, or 12 
per cent, showed this feature. In 4 of these patients the tumour was of the 
differentiated epithelial type, 3 had lympho-epitheliomatous thymomas and in 
the remaining patient the tumour was oval-celled. In no case was myasthenia 
gravis associated with granulomatous or undifferentiated epithelial tumours, 
or with lymphosarcoma or teratoma of the thymus. We have not found !ympho- 
cytic infiltration to be an invariable or striking feature of the tumours from 
myasthenics. Two of these 8 patients with myasthenia were operated upon 
during the past year and both are alive and well. Three have died as a result 
of myasthenia and the remaining 3 are alive and well on a reduced dosage of 
prostigmine up to 6} years after thymectomy. Other endocrine abnormalities 
which have previously been reported in association with thymic tumours (Leyton, 
Turnbull and Bratton, 1931) have not been noted in this series and no cases of 
the type of anaemia described by Chalmers and Boheimer (1954) have been 
found. 

Improved anaesthetic and thoracic surgical technique in recent years has 
resulted in the more frequent exploration of intra-thoracic tumours at a stage 
when their site of origin is identifiable, and has shown that thymic tumours 
are not as rare as was at one time supposed. The surgical pathologist is likely 
therefore to become increasingly familiar with the diverse histological appearances 
of this hitherto neglected group of neoplasms, and increasingly often faced with 
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the necessity for identifying and forecasting the behaviour of individual examples ; 
it is hoped that the classification outlined above will be of assistance in this. 


SUMMARY 


The histological sections of a series of 67 thymic tumours have been studied. 
A scheme of classification based on the histological appearances, and having some 
relation to the clinical behaviour of the growths, is suggested. Three main groups 
are recognised, epithelial, lymphoid and teratomatous ; the epithelial tumours 
are the most numerous and have been further subdivided into differentiated, 
oval- and_ spindle-celled, lympho-epitheliomatous, granulomatous and 
undifferentiated subgroups. 
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who performed most of the thymectomies on the patients in this series, in the 
preparation of this paper. We also wish to thank all those other members of 
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were, particularly Professor B. W. Windeyer and Mr. D. H. Patey, for permission 
to abstract the clinical details. It is a pleasure to record our gratitude to Mr. 
J. W. Jackson of the Middlesex and Harefield Hospitals for his willing assistance 
with the surgical aspects and follow-up information on the operation cases. 
For the opportunity of studying the sections of tumours removed at Harefield 
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EXPLANATION OF PLATES 


Fic. 1.—Low power view showing the clear distinction between the paler medullary region 
of the thymus, in which Hassall’s corpuscles can be seen, and the densely lymphocytic 
cortex. xX 40. 

Fic. 2.—Row of basal epithelial cells at the periphery of the cortex of the thymus. The 
epithelial cells derived from them are a little larger and paler, but not always easily distin- 
guishable from the large numbers of lymphocytes in the cortex. x 280. 

i ic, but otherwise normal thymus from a case of 
myasthenia shown in the previous figures. A syncytial group of epitlielial cell nuclei 
(right centre) and part of a Hassall’s corpuscle on the left. x 280. 

Fic. 4.—Sheets of epithelial cells from a thymic tumour. There is degeneration of the 
stroma in which a small blood vessel lies at the centre. x 150. 

Fie. 5.—Another field from the tumour shown in Fig. 4. The epithelial cells are swollen and 
pale, and there are numerous foam cells and cholesterol crystal clefts present. x 115. 
Fie. 6.—Part of another epithelial tumour of the thymus similar to that shown in Fig. 3 and 4, 
except that there is patchy but heavy lymphocytic infiltration, as seen in the top right corner. 

x 295. 

Fic. 7.—High power view of an epithelial thymic tumour, the cells of which are uniform in 
size and staining, and which, in this field, vary in shape from squamous to oval. x 250. 

Fic. 8.—High power view of an epithelial thymic tumour, the cells of which are approximately 
oval in outline. x 280. 

Fic. 9.—High power view of an epithelial thymic tumour composed of spindle-shaped cells 
distinguishable with difficulty from the young fibrocytes of the stroma at bottom right. 
x 280. 

Fic. 10.—Another tumour similar to that in Fig. 9 showing the change in the general appear- 
ance of the growth caused by heavy infiltration with lymphocytes. x 280. 

Fic. 11.—High power view of the lympho-epitheliomatous type. The uniform large pale epithelial 
cells are regularly interspersed with and obscured by lymphocytes. x 280. 

Fic. 12.—A poorly differentiated epithelial tumour, the cells vary in size and staining and 
mitotic figures are numerous. x 280. 

Fic. 13.—Part of a granulomatous thymoma in which the epithelial cells are forming a 
coherent sheet. x 295. 

Fic. 14.—Very high power field from a granulomatous thymoma showing an epithelial cell 
in mitosis, a mirror image giant cell and some eosinophils. x 570. 

Fic. 15.—An area from the tumour shown in Fig. 13 in which early fibrosis is apparent. 
xX 295. 

Fic. 16.—A granulomatous thymoma showing epithelial cells in an area of considerable 
fibrosis. x 295. 

Fic. 17.—Extensive fibrosis in a granulomatous thymoma. x 280. 

Fic. 18.—An anaplastic carcinoma of the thymus showing fibrous stroma to the right, a band 
of tumour cells in which mitoses are evident, and part of a large area of necrosis on the left. 
x 280. 

Fic. 19.—Nodule of normal thymic tissue, a chance encounter in a normally situated thyroid. 
x 9. 

Fic. 20.—Two Hassall’s corpuscles from the hyperplastic thymus of a case of myasthenia 
gravis. The upper corpuscle is calcified and has a foreign body giant cell applied to it ; 
the lower small corpuscle has a few central keratinised cells and a cell clearly showing 
keratohyaline granules. x 295. 

Fie. 21.—An epithelial thymic tumour showing the characteristic trabeculae of fibrous tissue. 
One lobule of the tumour which is heavily infiltrated with lymphocytes is conspicvously 
darker than the pale purely epithelial areas. x 35. 

Fic. 22.—Hassall’s corpuscle, showing keratinisation, from a lymph node metastasis of a dif- 
ferentiated epithelial thymic tumour. x 295. 

Fic. 23.—Invasion of myocardium by an undifferentiated epithelial thymic tumour. x 120. 

Fic. 24.—Very low power view of an epithelial thymic tumour showing broad bands of 
fibrous tissue ; tumour nodules infiltrated with lymphocytes appear darker. x 15. 

Fic. 25.—Two Hassall’s corpuscles from a metastasis of a differentiated epithelial thymic 
tumour, with lymphocytic infiltration around. x 295. 

Fic. 26.—From an abdominal metastasis of an epidermoid thymic tumour. Early cystic 
degeneration of the stroma at the centre with the basal layer of epithelium at its periphery 
giving a semblance of tubule formation. x 115. 

Fic. 27.—Low power view of an oval-celled thymic tumour; the same tumour as shown 
in Fig. 8. x 85. 

Fic. 28.—Low power view —— the general arrangement of the spindle celled thymic 
tumour illustrated in Fig. 9. x 85. 

Fic. 29.—Low power view of the tumour shown in Fig. 7, to show numerous cystic spaces. 

85. 


x 

Fic. 30 and 31.—An owl-like cell and a multinucleate cell from a thymic tumour of the 

ulomatous variety. x 280. 

Fic. 32.—Multinucleate epithelial syncytium from a normal thymus to compare with Fig. 31. 
x 280. 

Fic. 33.—Lymphosarcoma of thymus. x 295. 

Fic. 34.—Same tumour as previous figure, showing an area of necrosis with calcified Hassall’s 
corpuscles. xX 295. 

Fic. 35.—Cartilage and epithelial tubules from a teratomatous tumour at the site of the 
thymus. x 75. 

Fic. 36.--Squamous and columnar epithelium from the same tumour as shown in the previous 


figure. x 75. 
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HISTOLOGICAL GRADING AND PROGNOSIS 
IN BREAST CANCER 


A Srupy or 1409 CasEs OF WHICH 359 HAVE BEEN FOLLOWED FOR 15 YEARS 
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THERE is still no general agreement as to the most suitable method of treating 
operable carcinoma of the breast. We believe that the difficultes in assessing the 
relative merits of greater and lesser surgical procedures, and the value of radio- 
therapy in these cases is largely due to the comparison of results in groups of patients 
which are not strictly comparable. 

There is great variation in the progress of cases of breast cancer even in patients 
of the same age, with the same duration of symptoms, and with tumours of com- 
parable clinical extent. Women with advanced disease and a long history may 
survive for many years following only limited treatment, whilst some patients 
who attend hospital early with what appears to be a localised growth, may die 
of metastases within twelve months of radical surgery and a full course of post- 
operative radiotherapy. 

Have we a classification which takes into account the wide range of behaviour 
in carcinoma of the breast ? The practice of grouping patients according to a 
system of clinical staging is in general use at the present time, and although of 
considerable value does not take into full account the nature of the tumour 
itself. Thus whilst clinical staging provides a guide to the obvious extent of a 
tumour, it fails completely to indicate the likelihood of occult lymphatic and 
blood-born metastases being present in what appears to be an early case, nor the 
speed with which such metastases may develop. 

An indication of the degree of potential malignancy in breast cancer can be 
obtained by means of a histological grading system (Greenough, 1925; Patey 
and Scarff, 1928; Haagensen, 1933), and the importance of taking this into 
account when considering clinical aspects of the disease and results of treatment 
has been shown elsewhere (Bloom, 1950a, 19506 and 1956). 

The chief aim of this paper is to outline the technique of histological grading 
of breast cancer that we have used, and to consider its difficulties and limitations. 
The results of correlating the grade of malignancy with the 5, 10- and 15-year 
survival rates in a series of some 1400 cases will be presented, and the practical 
value of grading will be discussed. 

MATERIAL 

A series of 1544 female patients with breast cancer seen at the Middlesex 
Hospital between the years 1936 and 1949 inclusive, and followed for at least 
live years has been used for this study. They are all cases in which histological 
material has been available. Some of them have formed the basis for earlier 
reports on the subject of grading (Bloom, 1950 and 1956). 


24 


| 
359 
ll, 
| 
Sie. 
al) 
aC 
q 
= 


360 H. J. G. BLOOM AND W. W. RICHARDSON 


The majority of the patients (84 per cent) were treated by a radical or modifiec 
radical mastectomy with or without ancillary irradiation. Many, especially during 
the war years (1939-45), were operated upon elsewhere, and were referred to the 
Meyerstein Institute of the hospital for post-operative radiotherapy. 

It is important to note that our cases have been, to some extent, selected since 
it has been necessary to have histological sections for grading, and therefore the 
most advanced cases, treated solely by radiotherapy, have not been includec 
except for a few in whom biopsies were taken. 

From the total series of 1544 cases we aave excluded 135 for the following 
reasons : 


Total 


Excluded : 
Post-operative deaths 
Air-raid casualties (1940—45) 
Untraced at 5 years . ° 
No evidence of frank carcinoma in sections available (including intra-duct 
papilloma, proliferative mastitis and adenoma of the nipple) 
Bilateral carcinoma of the breast and 


Impossible to 
Sarcoma 
Squamous cell carcinoma . 
Total 
Remaining for consideration 


Bilateral carcinoma of the breast was considered to be a special problem and 
was excluded from the general series. We failed to grade 19 cases because the only 
sections of tissue available were either too small, too degenerate, or were prepared 
by the frozen section technique. The difficulties met with in grading will be dealt 
with later. 

It is a tribute to the Follow-up Department of the hospital that, in spite of the 
war years occurring in the period covered by this study, only 15 patients could not 
be traced at 5 years (i.e. 1 per cent of the total series). Patients treated between 
1936-45 were available for 10-year results, and of 823 cases only 9 were lost in the 
5- to 10-year interval. Fifteen-year results are based on 362 patients treated 
between 1936-40, and of these 3 remain untraced at 15 years. 


Method of Grading 


The epithelial elements of the tumour are used for grading according to the 
method of Patey and Scharff (1928), which is based on the principles formulated 
by Greenough (1925). The three histological factors studied have been presented 
elsewhere (Bloom, 1950a) and are briefly as follows : 


(a) Degree of structural differentiation as shown by the presence of 
tubular arrangement of the cells. 

(6) Variation in size, shape and staining of the nuclei. 

(c) Frequency of hyperchromatic and mitotic figures. 


Having assessed each of these factors separately the potential malignancy of 
the tumour is determined from the composite histological picture. The tumour is 
placed in one of three grades of malignancy, namely, low (Grade I), intermediate 
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(Grade II) or high (Grade III) as in the classification used by Greenough (1925), 
Patey and Scarff (1928) and Haagensen (1933). These categories give a good corre- 
lation with clinical outcome (Bloom, 1950a and 1956) and have the advantage of 
simplicity over more elaborate methods of 

We have found a simple numerical system useful in deciding into which grade 
a particular tumour should be placed. Points are awarded according to whether 
each of the three histological factors (tubule formation, pleomorphism and mitoses) 
is present in slight, moderate or marked degree 

Differentiation or tubule formation.—A high degree of differentiation, which is 
considered to indicate a favourable prognosis, is shown by well-marked tubular 
or acinar arrangement with cells grouped more or less regularly around a central 
space. This feature is usually best seen in the more central portions of the growth. 
Clefts in the tissue, probably caused by shrinkage during processing, can be 
distinguished from tubules ; in the latter a rim of cytoplasm can usually be made 
out separating the nuclei from the lumen. 

If the greater part of the section shows well-marked tubule formation we 
award this factor one point. If there is only a moderate attempt at tubule forma- 
tion two points are given. Sections showing a slight or no attempt at differentiation, 
the cells growing in sheets or strands, are assigned three points. 

Pleomorphism.—Since the cell outline is usually indistinct in the histological 
preparations of most malignant tumours pleomorphism has been judged from the 
nuclei rather than from the cells as a whole. No attempt has been made to measure 
nuclear diameters, the assessment of variability being purely subjective. 

The greater the nuclear irregularity the worse the prognosis. One point is 
awarded if the nuclei are fairly uniform in size, shape and staining. If this vari- 
ation is moderate in degree two points are given. A marked degree of pleomorphism 
merits three points. 

Hyperchromatic and mitotic nuclei.—The greater the number present the worse 
the prognosis. This factor has also been divided into three degrees and given one, 
two or three points respectively. A “ slight degree ” implies the presence of only 
an occasional hyperchromatic or mitotic figure per high-power field. About two 
or three such figures in most fields examined is considered a ‘‘ moderate number ”’ 
and more than this a “‘ marked number ”’. Allowance is made for the degree of 
cellularity of each microscope field since the number of cancer cells in, for example, 
. “ scirrhus ” growth with abundant interstitial tissue is less than in a “‘ medullary”’ 
type with masses of cells and little intervening stroma, and yet the number of 
mitoses per cent of cells may be identical. Both mitotic activity and pleomor- 
phism are best assessed from the periphery of the tumour where invasion is taking 
place. 

To obtain a composite picture of a particular section the points allocated to 
each of the three histological factors are added together, making a possible total 
of 3 to 9, the smallest number representing the lowest degree of malignancy. 
We have followed Scarff in cutting this malignant scale into approximately 
hree equal lengths, the divisions being placed between 5 and 6, and between 7 
and 8 thus : 

Point 
6 7 8 9 


High 
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Tumours with 3, 4 or 5 points are classified as being of low malignancy o1 
Grade I, those with 6 or 7 points of intermediate malignancy or Grade II, and 
those with 8 or 9 points of high malignancy or Grade III (Figs. 1-16). 

The 5-year survival rate for cases according to the total number of points 
awarded is shown in Table I. It is evident that there is a marked difference in 
prognosis between cases on either side of the scale divisions. The prognosis is 
uniform within each of the Grade II and Grade III groups. Some difference 
exists in Grade I; 85 per cent of patients with a total of only 3 points survivec 
compared with 72 per cent of those with 5 points. 


TaBLE I.—Survival Rates According to the Histological Scale of Malignancy 


Grade 


Number of cases . 
5-year survivors . 
» survivors %, 


The three classes of tumour are not disparate pathological entities, the lines 
of cleavage between the grades merely indicating arbitrary divisions of what is, 
in fact, a continuous scale of malignancy. Whilst neoplasms at either end of the 


scale are easily recognised, some on the border lines may be more difficult to clas- 
sify, and not infrequently it is a matter of opinion into which grade they should 
be placed. 

We have described a numerical point system here in the belief that it may be 
of value to those who wish to grade breast cancer. This does not mean that we 
ascribe mathematical accuracy to grading. The points system is merely an aid, 
and we have found it useful in demonstrating the technique of grading to others. 
With experience it is possible to classify most tumours directly without first having 
to award points for each factor. 

Although a definite histological grading system is not widely used for breast 
cancer in this country, it is frequently stated that tumours exhibiting well-marked 
tubule formation, and often referred to as “ adenocarcinoma ”’, are of low malig- 
nancy and carry a good prognosis. With the present system of grading, however, 
it is possible to place such a tumour not in Grade I, but in the intermediate 
Grade II if there is considerable nuclear irregularity and if frequent mitoses are 
present (Fig. 11 and 12). Conversely, a growth showing no attempt at tubule 
formation is frequently reported as an “‘ undifferentiated spheroidal cell carcinoma” 
and is usually considered to carry a bad prognosis. However such a tumour may 
be placed in Grade I if the nuclei are uniform and mitoses and hyperchromatic 
nuclei are rare (Fig. 5 and 6). 

The incidence of the three grades of tumour in this series is shown in Table II. 
A little less than half the cases (45 per cent) were placed in the intermediate 
grade of malignancy, the remaining cases being approximately equally divided 
between Grades I (26 per cent) and III (29 per cent). 


q Total points 
5 6 7 8 9 
4 I II Ill 
(Low) (Intermediate) (High) 
a - 39 121 202 307 333 335 72 
: . . 33 93 146 141 157 106 24 
- 77 72 460247 3233 
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TaBLE II.—Incidence of Histological Grades 


Cases 
oe 362 26 
II 640 45 
Ill 407 29 
Total 1409 100 
Difficulties Encountered in Grading 


|. Histological preparations 

We have mostly used paraffin-embedded sections stained with haemotoxylin 
and eosin. It may be possible to grade tumours on good frozen sections, but 
generally speaking they are too thick and the nuclear detail is seldom definite. 
Poor technique in preparing sections leads to difficulties in grading. In 13 cases 
in this series we could not estimate the degree of malignancy because the cells 
appeared too degenerate, and in some instances even the structural pattern was 
obscured, presumably due to inadequate fixation. 


2. Variation in histological appearance in different parts of the primary tumour 

This is the argument generally advanced by the opponents of grading of breast 
cancer, although they may accept grading of ‘tumours in other sites such as the 
rectum, bladder and skin. It is possible that many of the difficulties in carcinoma 
of the breast have arisen from trying to grade solely by tumour pattern without 
taking into account the actual cytological features. Tumours can readily be found 
in which, for example, one microscopic field contains intraduct tumour, another 
tield shows invasive carcinoma with attempted tubule formation, while yet a third is 
oceupied by masses or columns of invading cells. In most cases however, although 
variation may be present in the histological picture a definite total individual 
pattern can be recognised. Furthermore, in spite of different forms of cellular 
arrangement the degree of pleomorphism and the frequency of hyperchromatic 
and mitotic figures usually show little variation in any one tumour. 

Although some idea of the malignancy of a breast tumour can often be obtained 
from small biopsy specimens, grading should be carried out on sections of reasonable 
size. Generally speaking a piece of tissue about 1-5-2 cm. square will show the 
full range of tumour pattern. In most tumours one section is usually sufficient 
for grading ; sections cut from different parts of the same tumour have shown 
a comparable grade of malignancy (Bloom, 1950a). However, in the case of large 
growths it is possible that two or perhaps three sections may be required before 
one can be satisfied that the full histological picture has been seen. 

A few cases have shown a definite variation in grade as opposed to mere varia- 
tion in structural pattern even in the same histological section (Fig. 17-19). In 
these we have given most weight to the most malignant part of the growth. This 
problem was studied by Haagensen (1933) who examined an average of 8 sections 
from each tumour. In only 11 per cent of his 164 cases did he find differences in 
structure great enough to create difficulties in grading, and he overcame this by 
classifying the tumour on the basis of its predominant features. 
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3. Variation in grade between primary tumour and metastases 

If the histological grade of malignancy in metastases from carcinoma of the 
breast varies from that of the primary, then prognosis based upon the appearances 
of the latter may prove misleading. This would apply especially to Grade I 
tumours if their metastases underwent a change to the more malignant Grade II 
or even Grade III type. In such cases the possibility of a favourable prognosis 
suggested by the histological appearance of the primary growth may well have to 
be modified because of the higher grade in the metastases. 

We have studied this question of a change of grade in 397 unselected cases 
treated between 1943 and 1949, in which the axillary lymph nodes were invaded 
and the histological sections were available for examination. In 82 per cent of 
cases the grade of the metastases was identical with that of the primary tumour, 
of a higher grade in 12 per cent, and of a lower grade in 6 per cent (Table IT1). 
Similar results were obtained by Haagensen (1933) who, in 103 cases, found the 
same grade in the glands as in the breast tumour in 71 per cent, a higher grade in 
19 per cent, and a lower grade in 10 per cent. Patey and Scarff (1929) in a series 
of 110 cases found only one instance of a greater degree of malignancy in axillary 
metastases. Constancy of grade in glandular metastases is illustrated in Fig. 
20-22, and an increase of malignancy in Fig. 23 and 24. 


TaBLE III.—Comparison of Histological Grade of Malignancy in Axillary Metastases 
with the Primary Breast Tumour 
Number 
of cases 
Grade of metastases 
in axillary nodes 
Identical with primary tumour 
Higher than primary tumour : 49 12-3 
Lower than primary tumour . 23 5-8 


The grade of distant metastases may show remarkably little change, even when 
there has been an interval of many years between the removal of the primary 
tumour and the appearance of the secondary deposits (Fig. 25 and 26). An 
alteration of histological maligancy, however, has been noted in some cases that 
we have studied, and this change may be influenced by the actual site of the meta- 
stasis. Willis (1932) found that secondary deposits in the liver show greater 
mitotic activity than the primary growth, presumably because of the abundant 
nutrient material available in this organ. An alteration in the grade of metastases 
in the liver, however, would not affect the prognosis materially because patients 
with hepatic involvement seldom live for more than a few months. On the other 
hand, the presence of metastases in bone and in certain viscera such as the lungs 
or brain of patients with breast cancer is occasionally compatible with a survival of 
many months or even a number of years, presumably if the tumour remains of 
low grade malignancy ; in such cases an increase in malignancy may shorten life 
to but a few months. 

Of greater significance in prognosis are possible changes in malignancy of 
residual tumour in the breast following radiotherapy, or in the chest wall after 
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urgery, since patients with local recurrences may survive for many years after 
reatment. The histological picture of local recurrences is in our experience 


-imilar to that of the original tumour in most cases (Fig. 27 and 28). 


To sum up: although a change in histological grade of malignancy may occur 
a breast cancer, the majority of cases appear to remain remarkably constant in 


vrade. In some of our cases where grading and the clinical course following treat- 


nent have been at variance, the reason may lie in an alteration of maligancy 
1 residual tumour, local recurrences, regional lymph node deposits or distant 
ietastases. 


. Tumour degeneration not due to faulty fixation 


(a) Spontaneous degeneration.—Rapidly growing tumours often show areas of 
.ecrosis and this may lead to difficulties in grading. In such cases, however, it is 


venerally possible to find areas of viable-looking tissue suitable for grading in 


‘locks cut from the growing edges of the tumour. 

Occasionally, many large, irregular, hyperchromatic nuclei are seen in breast 
.umour sections and may represent a degeneration phenomenon. Nevertheless, 
ihis feature appears to be associated with tumours of high malignancy, and we 
iave taken it into account when considering the degree of pleomorphism and 
\requency of hyperchromatic nuclei. (Fig. 29). 

(b) Degeneration following radiotherapy was studied in 60 cases of the 1943-49 
period who had completed a course of pre-operative deep x-rays, usually one to 
three months before operation. This rarely produced such a marked degree of 
irradiation change that grading became impossible. In most instances there were 
residual areas of viable-looking tumour cells which could be graded, although 
sometimes with difficulty. When the primary tumour was totally unsuitable for 
grading (7 cases), and the axillary glands were invaded we have graded the case 
on the latter which often appeared to be less affected by irradiation. 


5. Intra-duct carcinoma and “ comedo-carcinoma ” 

Sections from 8 cases in this series showed such a marked degree of atypical 
epithelial proliferation within intact ducts as to warrant the term “ intra-duct 
carcinoma ”. We have tried to grade these cases, but have not included them in 
the general results. Obviously if the tumour is confined to the ducts at the time 
of the mastectomy the prognosis will be good, but it is difficult to be certain of this 
unless serial blocks have been cut throughout the tumour area. Cases of intra- 
duet carcinoma showing undoubted areas of stromal invasion were included as 
frank carcinomas in the general series. 

“* Comedo-carcinoma ”’ is a term little used in this country, but favoured by 
«4 number of American authors. Stewart (1950) points out that the term simply 
denotes a form of non-infiltrating carcinoma within distended ducts, the core of 
-he proliferating cells having undergone a central necrosis and being expressible 
1s a yellow paste. Haagensen (1933) placed tumours with a “ comedo ”’ pattern 
in his group of low malignancy (Grade I) cases, irrespective of their cytological 
‘eatures, but only 4 of his 10 cases in this group survived 5 years following radical 
mastectomy. We have not distinguished between “ comedo-carcinoma ” and 
intra-duct carcinoma, and of our 8 cases none were classified as Grade I, 5 as 
jrade II, and 3 as Grade III. Six cases were alive at 5 years. 
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6. Colloid carcinoma 

The histological picture of islands of tumour cells in a sea of mucinous material 
was seen in 22 of our cases. Difficulties in grading occurred in some instances when 
only small numbers of cells were present, not infrequently with degenerative 
changes. Tumours with scanty colloid were not considered separately from the 
main group of cases. Haagensen (1933) and also Gricouroff (1948) arbitrarily 
placed the colloid type of carcinoma in the lowest grade of malignancy (Grade I). 

These cases were graded no differently from the others, but we noted the fact 
that colloid material was abundant. Most of the tumours showed attempts at 
tubule formation with moderately regular nuclei and relatively few mitoses, 
and were therefore placed in Grade I. A few cases were classed as Grade II ; none 
were Grade III. The prognosis for this group of tumours is shown in Table IV. 


TaBLE I1V.—Prognosis for Colloid Carcinoma 
5-year results 10-year results 


Cases Survivors ‘Cases Survivors 
15 11 (73%) . 7 4 

5 (71%) . 
0 


7 2 2 
0 0 0 
9 6 (67%) 


22 16 (73%) 


RESULTS 


In one-third of the cases the tumours were graded by each observer indepen- 
dently of the other and the results were later cross-checked : agreement was found 
in over 90 per cent of cases. Where a difference of opinion persisted after discussion 
we usually noted considerable degeneration in the sections, probably due to either 
faulty fixation or pre-operative irradiation. When degeneration was marked 
throughout the section the case was excluded. A further third of the cases was 
graded by W.R., and the remaining third (which formed the basis of an earlier 
report (Bloom, 1950)) by H.B. Only when grading had been completed were the 
patients’ notes consulted for clinical details. 

It is not our purpose here to discuss the treatment of breast cancer. The aim 
is to draw attention to the relationship between the histological appearance of the 
tumour and prognosis. The statistics which follow are not the general results 
obtained by the Middlesex Hospital in the treatment of this disease, because 
there has been, as already stated, selection of cases by the necessity for having 
histological material for grading. 

Treatment of the patients in this series was not uniform, nor were all the cases 
first seen at the Middlesex Hospital, many patients being referred from other 
hospitals for post-operative radiotherapy. Of the total number 442 were treated 
by surgery alone, 936 by surgery and pre- or post-operative radiotherapy, and 31 
by irradiation alone. A radical or modified radical mastectomy was performed in 
the majority (84 per cent) of cases. This variation in treatment, however, does not 
appear to materially influence the general conciusions reached from relating 
histological grade and prognosis (Bloom, 1950a). 

Prognosis has been gauged by the 5-, 10- and 15-year survival rates. The term 
“ survival rate ” as used here does not necessarily imply freedom from cancer ; 
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it merely indicates the percentage of patients actually alive. The 5-year results 
according to grade for all treatments are shown in Table V. A good correlation 


vo between histology and survival has been obtained, there being more than twice 
ive the number of survivors with Grade I tumours than with Grade III tumours. 
the The 10-year results for patients treated between 1936 and 1945 are also presented 
ily in Table V, and show almost three times as many survivors in Grade I as in Grade 
I). III. This table, in addition, contains the 15-year results for 359 patients treated 
ct during 1936 and 1940. Here the percentage of survivors with carcinomas of low 
at malignancy is three times that of patients with Grade III tumours. The survival 
es, vate of Grade IIT cases at 5 years is comparable with that of Grade I cases at 15 
ne years. 
TaBLE V.—Grade and Prognosis (5-, 10- and 15-year results) 
5-year results 10-year results 15-year results 
Number Survivors Number Survivors Number 
of cases of cases of cases 
Grade — (1936-49) % (1936-45) % (1936-40) % 
I ° 362 272 75 . 215 113 53 . 96 30 31 
. 640 298 #47 . 349 9% . 162 298 
47 . 101 
254 359 
The results for the three types of tumour are shown graphically in Fig. 30. 
During the first five years the number of survivors with Grade II or Grade III 
carcinomas falls steeply. After this time the decline becomes less rapid and 
id approaches that for the expected survival rate for women of a similar age distribu- 
= tion. Grade II and Grade II cases surviving longer than 5 years may be comprised 
rj of (a) clinical cures, (b) patients in whom there had been either an error in grading 
As 
_ 
1e 
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2 
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t 
g Fic. 30.—Grade and prognosis. Five-, ten- and fifteen-year survival rates (from Table V). 
Note.—The expected survival curve is based on the Registrar General’s English Life 
Tables, 1951 (H.M. Stationery Office, 1957) for a group of females exposed to all causes of 


= of the same age distribution as the Grade I cases. The age distribution in each of 
three grades of malignancy is comparable. 
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or alternatively in whom a decrease in malignancy had taken place in metastases, 
and finally (c) patients with a high degree of natural resistance. 

The survival rate for Grade I cases, so promising at 5 years, falls steadily and 
relentlessly over the entire 15 years. This must indicate a high incidence of distant 
metastases when the patient is first seen, and it is particularly in this group that 
deposits may remain latent for a number of years before becoming active. The 
survival rate for Grade I patients may be compared with the expected survival 
rate for a group of women of the same age distribution and exposed to all causes 
of death (Fig. 30). 

These results suggest that a 5-year follow-up is more significant in determining 
the success of treatment for patients with tumours of high malignancy than is an 
interval of 10 and possibly even 15 years for patients with Grade I tumours. 


Grade, gland involvement and prognosis 

The morbid histologist can give a more accurate indication of possible outcome 
in breast cancer by considering the histological grade of the tumour together with 
its extent as determined by the presence or absence of metastases in the axillary 
lymph nodes. These glands were available for microscopic study in 1143 cases, 
and invasion was found in 705 (62 per cent), which agrees with the results of other 
large series (Harrington, 1952 ; Haagensen, 1956). 

The 5-, 10- and 15-year survival rates according to grade and axillary metastases 
are shown in Table VI, and graphically in Fig. 31. There is a pronounced difference 
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Fic. 31.—Gland involvement, grade and prognosis. Five-, ten- and fifteen-year survival rates 


(from Table VI). 
————— Axillary glands free. 
— — — — Axillary glands invaded. 


between the number of patients alive with Grade I tumours and lymph nodes 
which are free from metastases, and those with Grade III tumours and invaded 
nodes. The difference between these extremes is maintained throughout the 
prolonged follow-up ; 15 years after treatment half of the former group are still 
alive compared with only 7 per cent of the latter. It is interesting to find that 
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‘he prognosis at 5 and also 10 years for Grade I tumours in the presence of axillary 
metastases is just as good or even better than that for patients without axillary 
‘nvolvement that belong to Grade II or Grade III. The outlook for Grade I 
vases with positive lymph nodes, however, deteriorates rapidly with the prolonged 
‘ollow-up, the survival rate falling from 51 per cent at 10 years to 15 per cent at 
i5 years. 

In the absence of axillary metastases there is little difference in prognosis 
yetween Grade IT and Grade III cases, and this was also the finding in a previous 
veport (Bloom, 1950a). 

Haagensen (1933) has also used a sytem of grading based on the principles 
‘ormulated by Greenough (1925). Recently he (Haagensen, 1956) has classified 
. series of 1003 cases according to grade and axillary involvement, the grading 
»yeing carried out by Stout at the Presbyterian Hospital. The results, which are 
shown in Tables VII and VIII, agree very closely with those obtained by Greenough 
himself (Simmons et al., 1933) and also by Bloom (1950a), and with those in the 
present investigation (Tables V and VI). 


[aBLE VI.—Gland Involvement, Grade and Prognosis (5-, 10- and 15-year Results) 
5-year results 10-year results 15-year results 


Survivors Survivors 

% 


57 
52 
24 


133 
41 


25 
12 


elmon 


78 
211 


86 
68 
64 
73 
66 
33 
19 
35 
50 


TasLeE VII.—Grade and Prognosis (Haagensen, 1956) 
5-year 
clinical cures 
Cases 


84 66 
422 ° 203 
597 196 

465 


1103 


DISCUSSION 


The degree of malignancy in carcinoma of the breast is reflected in the histo- 
ogical structure of the tumour and this feature forms the basis for a classification 
if the disease. As a guide to prognosis, however, histological grading in our 
iands offers no more information than does clinical staging which is in general 
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TaBLE VIII.—Gland Involvement, Grade and Prognosis (Haagensen, 1956) 


5-year 
clinical cures 
Glands % 


Not invaded . 87 
69 
60 


66 
35 
19 


use at the present time. Why then grade breast cancer ? Earlier work has shown 
that the classification of carcinoma of the breast, based solely upon a system of 
staging, produced groups of cases which were not strictly comparable, and this 
was thought to account for at least some of the variable results of treatment 
obtained in this disease (Bloom, 1950a). An attempt was made at that time to 
overcome this difficulty by introducing a clinico-pathological classification which 
embraced both clinical staging and histological grading, and the results obtained 
showed that this combined approach offered a more accurate guide to prognosis 
than did either method alone. 

Our concept of three grades of malignancy in breast cancer is supported by the 
results in Table V, there being from two to three times as many survivors with 
Grade I as with Grade III tumours 5 to 15 years after treatment. Furthermore 
the value of grading is greatly enhanced by taking into account the state of the 
axillary lymph nodes (Table VI). We have been fortunate in also being able to 
study a series of untreated cases of breast cancer observed at the Middlesex 
Hospital between 1805 and 1920, in collaboration with Dr. E. J. Harries. Among 
these were 63 patients, seen in the later years, from whom biopsies had been 
taken, and which we have graded in the same way as the treated series, before 
referring to the clinical details. Survival rate has been plotted against the duration 
of life from the onset of symptoms for each of the three grades (Fig. 32). These 
results add further weight to the importance of morbid histology in determining 
outcome in carcinoma of the breast and also support the accuracy of the grading 
system we have used. 

Grading reflects the potential malignancy of the tumour and is of value for 
two reasons. First, it provides a measure of the probable extent of a tumour 
when the patient is first seen, the most malignant growths having spread furthest. 
Thus, 73 per cent of Grade III tumours compared with 50 per cent of Grade I 
have axillary metastases at the time of treatment (from Table VI). The difference 
between these two types of tumour is greater in fact than these figures suggest 
since patients with Grade III cancer tend to seek advice earlier than those with 
Grade I lesions ; the average duration of symptoms for the former is 7 months 
compared with 10 months for the latter (Bloom, 1950b). Grading may therefore 
succeed just where staging fails, by indicating the likelihood of occult metastases 
being present in regional lymph nodes and distant organs which would not be 
detected by the ordinary methods of staging. 

The second factor of importance in grading is suggested by the persistent 
steady decline in survival rate up to 15 years for patients with Grade I tumours 
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Fic. 32.—Untreated breast cancer—grade and prognosis. Sixty-three cases with histology 
observed at the Middlesex Hospital. 


(Fig. 30). This points to a high incidence of distant metastases when the patient 
is first seen for even tumours of low malignancy, a view which is supported by 


the fact that 50 per cent of such cases have axillary deposits at the time of treat- 
ment. Although we have stated that Grade III carcinomas are more likely to 
have produced metastases than the essentially more benign Grade I tumours, 
we consider that the real value of histological grading lies in providing a guide to 
the speed with which secondary deposits from breast cancer are likely to develop. 
Thus, metastases are common in Grade I and Grade III cases, but those in the 
latter group become active sooner, grow more rapidly and produce symptoms and 
death earlier. Lenz and Freid (1931), in a series of 36 tumours graded according to 
Greenough (1925) found the mean interval from treatment to onset of skeletal 
metastases for Grade I cases to be 46 months compared with only 10 months for 
Grade III cases. The mean survival after the appearance of such metastases in 
Grade I patients was 19-7 months compared with 10 months for Grade ITT patients. 

The practical value of grading of breast cancer has been questioned on the 
grounds that the clinician has to assess the management of the patient by a physi- 
cal examination, and grading is only carried out on a surgical specimen after 
treatment has been instituted (Smithers et al, 1952). If the only value of grading 
were to enable cases of breast cancer to be grouped more accurately even after 
treatment has been carried out, then this alone would warrant its wider use. 
A more accurate grouping of cases will eventually lead to a more accurate assess- 
ment of treatment, and may help to clarify the relative merits of the different 
lines of approach to operable cases. Grading, however, may also prove of value in 
considering other aspects of breast cancer management. 

At the present time little is known about the relative radiosensitivity of the 
three grades of tumour, and equally dramatic responses have been observed in 


371 
|_| 
AN 
|_| 
60 
40 
mn 
of 20 
Grade Il ~\_ (23cases) 
nt (23 cases) 
ch 0 
ed 
sis 
th 
re 
he 
to 
ex 
ng 
en 
re 
on 
se 
ng 
ng 
‘or 
ur 
st. 
ce 
st 
th 
hs 
re 
es 
be 
nt 
irs 


372 H. J. G. BLOOM AND W. W. RICHARDSON 


well-differentiated Grade I tumours and anaplastic Grade III cases (Bloom, 1956). 
With further knowledge of tumour response to irradiation it may eventually 
become possible to assess the kinds of treatment most likely to achieve the best 
results for certain groups of cases depending not only upon the apparent extent oi 
the growth (stage), but also upon its potential malignancy (grade). If this materi- 
alises, then it may become important to know the grade of the tumour befor: 
treatment is given. As grading can be carried out on biopsy specimens of reasonable 
size the only objection ‘hat remains is that of the possible dangers in breast 
cancer of biopsy itself. ‘The available evidence shows that such a procedure, if 
followed by treatment within a few days, does not affect the prognosis adversely 
(Scheel, 1953 ; Pierce et al., 1956; Haagensen, 1956). 

A further possible application of histological grading of breast cancer in in the 
hormonal treatment of advanced cases. First of all, knowledge of the grade of 
tumour will help to evaluate this treatment more accurately since the natural 
history of the disease differs greatly for Grade I and Grade III cases (Fig. 32). 
Secondly, only a small number of patients shows a definite objective response 
to hormones and, generally speaking, it has been impossible to predict which 
cases are likely to derive benefit from them. Lowenhaupt and Steinbach (1949), 
however, in a small series graded according to Greenough’s (1925) method attempted 
to correlate the response of remote metastases of breast cancer to testosterone 
and oestrogen therapy with the grade of malignancy. They concluded that tumours 
of low malignancy showed the most favourable responses. Emerson et al., (1953), 
also using Greenough’s method of grading in 87 cases, reported that 60 per cent 
of Grade I cases showed a good or excellent response to hormonal treatment 
compared with only 22 per cent of Grade III cases. Similarly, MacDonald, Davis 
and Jacobson (1952) showed that the average longevity in advanced cases follow- 
ing oestrogen or androgen administration was almost four times greater for 
Grade I than for Grade IIT patients (19-5 months compared with 5-25 months). 

Hochman (1952) has reported the work of the late Professor Halberstaeter of 
Jerusalem who correlated the effects of an artificial menopause in breast cancer 
patients with the histology of the primary tumour. Improvement occurred 
much more frequently in the more differentiated or ‘‘ adenocarcinoma ”’ group. 
Hochman suggests that a study of histology may result in more precise indications 
for inducing an artificial menopause in the management of breast cancer. More 
recently, Dao and Huggins (1955) express the view that improvement in advanced 
cases following bilateral adrenalectomy is more likely to be found in patients 
with tumours showing tubule formation. Of 38 cases with a favourable response 
to the operation 73 per cent had tumours described as ‘‘ adenocarcinoma ’’, and 
only cases with this type of growth enjoyed profound and prolonged regression. 
No regression was seen in patients with undifferentiated carcinoma. On the other 
hand, Cade (1954) reports that all histological types may respond favourably 
to adrenalectomy and so far this appears to be general experience. 

In order to encourage the wider use of histological grading it is essential to 
maintain simplicity in whatever method is used. Complicated systems of classi- 
fication are time-consuming, of doubtful value, make the comparison of results 
difficult, and do much to deter pathologists from attempting to grade tumours. 
The system of grading employed in this study is simple to apply and has proved 
an effective guide to prognosis. 

It is important to remember that grading is indeed only a guide, and it should 
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not be regarded as a method of predicting outcome with any degree of mathematical 
accuracy. Some disappointmnts and surprises must be expected, especially 
when considering individual cases. For example, the patient with the highly 
malignant-looking Grade III breast cancer in Fig. 33 and 34, which shows no 
attempt at tubule formation, a gross degree of pleomorphism and numerous 
hyperchromatic and mitotic nuclei, remains alive and free from recurrence 12 
years after radical mastectomy. In contrast to this case Fig. 35 and 36 show 
a relatively benign-looking Grade I tumour with well-marked tubules, regular 
nuclei and very few mitoses. This carcinoma which had axillary deposits was 
operable, but the patient died with skeletal metastases 22 months after radical 
mastectomy. Striking anomalies like these, however, are rare. 

Harrington (1953) has made a special study of the extended follow-up of a 
large number of breast cancer cases treated at the Mayo Clinic. In his series there 
were 35 patients who survived 35 years with or without axillary metastases at 
the time of the radical mastectomy. Fifteen of these cases had been graded 
according to the method of Broders, and none were classified as being of low 
malignancy. Eleven of the 15 belonged to Grades 3 and 4. Harrington concluded 
that some patients with highly malignant tumours and invaded axillary glands 
may survive for many years following operation. Some of these successes may be 
accounted for by the occurrence of the so-called ‘“‘ medullary carcinoma with 
|ymphoid infiltrate ” which has been shown, in spite of its high degree of potential 
malignancy, to carry a good prognosis following radical surgery (Moore and 
Foote, 1949; Richardson, 1956). 

It is evident that other factors must be concerned in determining the outcome 
of those patients with breast cancer who do not conform to the expected prognosis 
based upon the tumours’ clinical extent and histological type. It has often been 
stated that prognosis in this disease is influenced by such features as the age of the 
patient, pregnancy or lactation, delay in seeking treatment and the site and size of 
the primary growth. Except for pregnancy and lactation, these factors have not 
been found, per se, to influence prognosis materially (Bloom, 19506 ; Haagensen, 
1956; Kreyberg, 1953; Kreyberg and Christiansen, 1953; Lewison, 1955). 
What then are the factors which enable women with advanced highly malignant 
tumours to survive occasionally for many years? What causes the early death of 
a number of women with tumours of low grade malignancy which are apparently 
confined to the breast ? 

Stage and grade may tell us a great deal about the tumour itself, but nothing 
directly about the natural resistance of the patient. MacCarty (1922), in a study 
of cancer at a number of sites including the breast, concluded that prognosis is 
determined not only by the degree of cellular anaplasia of the tumour, but also by 
certain stromal features such as fibrosis, hyalinisation and lymphocytic infiltration 
which he considered to represent a defensive mechanism by the body. Greenough 
(1925) and Haagensen (1933) who were able to relate prognosis in carcinoma of the 
»reast to cellular differentiation did not find the stromal features mentioned above 
of prognostic significance. 

More recently, Black, Opler and Speer (1955 and 1956) have graded breast 
‘ancer according to the degree of nuclear differentiation and lymphoid in “ltration 
if the primary tumour, and sinus histiocytic reaction of the axillary lymph nodes. 
The last two factors are considered by Black and his colleagues to represent 
‘tumour retarding ” factors of the host. In the presence of well-differentiated 
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EXPLANATION OF PLATES 


Fie. 1.—Low malignancy (Grade I). Well-marked tubule formation ; nuclei uniform in size, 
shape and staining ; hyperchromatic and mitotic figures rare. x 45 

Fic. 2.—As for Fig 1. x 270. 

Fic. 3.—Low malignancy (Grade I). A few tubules; regular muclei; infrequent hyper- 
chromatic and mitotic figures. x 45 

Fie. 4.—As for Fig. 3. x 250. 

Fic. 5.—Low malignancy (Grade I). No attempt at tubule formation; nuclei uniform ; 
hyperchromatic and mitotic figures absent. x 45. 

Fie. 6.—As for Fig. 5. x 270. 

Fic. 7.—Intermediate malignancy (Grade II). Occasional tubules; moderate nuclear 
irregularity ; moderate number of hyperchromatic and mitotic figures. x 60. 

Fie. 8.—As for Fig. 7. x 250. 

Fie. 9.—Intermediate malignancy (Grade II). Moderate degree of tubule formation ; 
irregular nuclei ; moderate number of hyperchromatic figures and mitoses. x 45. 

Fie. 10.—As for Fig. 9. x 270. 

Fic. 11.—Intermediate eee | (Grade II). Well-marked tubule formation ; irregular 
nuclei ; frequent mitoses. x 4 

Fic. 12.—As for Fig. ll. x 

Fic. 13.—High malignancy (Grade III). No attempt at tubule formation ; marked nuclear 
irregularity ; moderate number of hyperchromatic and mitotic figures. x 45. 

Fie. 14.—As for Fig. 13. x 270. 

Fie. 15.—High malignancy (Grade III). No tubules; gross nuclear irregularity ; numerous 
hyperchromatic and mitotic figures. x45. 

Fie. 16.—As for Fig. 15. x 270. 


Variation of grade in primary tumour 

Fic. 17.—Primary tumour showing area of Grade II carcinoma. No attempt at tubule 
formation, moderate nuclear irregularity and few mitoses. x 30. 

Fic. 18.—Same primary tumour as in Fig. 17. Another area showing Grade I carcinoma with 
well-marked tubules. x 45. 

Fic. 19.—Axillary lymph node. Deposit of Grade II carcinoma identical in appearance with 
the more malignant part of primary tumour shown in Fig. 17. x 35. 


Constancy of grade in glandular metastases 
Fic. 20.—Primary tumour. Well-differentiated Grade I carcinoma with good tubules, regular 
nuclei and infrequent mitoses. x 70. 


Fic. 21.—Axillary lymph node. Replaced by metastasis of identical grade to the primary 
tumour (Fig. 20). x 70. 

Fic. 22.—Internal mammary lymph node. Small secondary deposit of identical appearance 
to the axillary metastasis (Fig. 21). x 70. 


Alteration of grade in glandular metastases 

Fic. 23. Primary tumour. Grade I carcinoma showing good tubules, uniform nuclei and 
infrequent mitoses. x 50. 

Fic. 24.—Axillary lymph node. Metastasis of higher malignancy (Grade II) than the primary 
tumour. Occasional tubules, moderate nuclear regularity and moderate number of hyper- 
chromatic and mitotic figures. x 50. 


Constancy of grade in distant metastases 

Fic. 25.—Primary breast tumour removed by radical mastectomy 1934. Grade I carcinoma 
with well-marked tubule formation, uniform nuclei and very infrequent mitoses. x 50. 

Fic. 26.—Ovarian tumours removed by pan-hysterectomy 1955. Invasion of both ovaries 
and pelvic peritoneum by adenocarcinoma of similar appearance and grade to the breast 
tumour removed 21 years previously. x 50. 


Constancy of grade in local recurrences 

Fic. 27.—Primary breast tumour removed by radical mastectomy 1943. Grade I carcinoma 
with well-marked tubules. x 70. 

Fic. 28.—Local recurrence in scar 1947. Grade I carcinoma of identical structure to primary 
tumour. x 70. 

Fic. 29.—Grade III breast cancer showing many large irregular hyperchromatic figures 
which are usually associated with a high degree of histological malignancy. x 280. 


Anomalies of grading 

Fic. 33.—Breast tumour of high grade malignancy (Grade III) showing no attempt at tubule 
formation, gross pleomorphism and numerous hyperchromatic and mitotic figures. The 
patient, however, remains free from recurrence 12 years after radical mastectomy. x 60. 

Fie. 34.—As for Fig. 33. x 360. 

Fic. 35.—Breast carcinoma of low grade malignancy (Grade I) with well-marked tubule forma- 
tion, uniform nuclei and infrequent mitoses. The tumour was clinically operable, but the 
patient died with skeletal metastases 22 months after radical mastectomy. x 80. 

Fic. 36.—As for Fig. 35. x 320. 
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nuclei and marked lymphocytic infiltration of the breast cancer together with 
sinus histiocytosis in the regional nodes, very high survival rates are to be expected 
without regard to the presence or absence of axillary metastases. The three 
histological criteria do not bear a fixed relationship to one another so that a tumour 
of low grade malignancy that kills rapidly may do so because of the patient’s 
poor defensive reaction to the tumour, characterised by the absence of lymphoid 
infiltration and sinus hyperplasia. At the present time little is known in man 
about the defensive mechanism to cancer, and whether attempts to combat the 
invading cells produce changes which can be recognized with ordinary histological 
techniques. The work of Black, Opler and Speer (1955 and 1956) on “ tumour 
retarding ” factors, which has been refuted recently by Berg (1956), awaits 
confirmation. 

We have dealt with the influence of histological grade of malignancy upon the 
expectation of life of patients with breast cancer. Are there any factors which 
influence the histological grade of the tumour itself ? Nothing is known at the 
present time of possible hereditary, racial or geographical factors upon the inci- 
dence of tumours of low and high malignancy. We have information, however, 
on two factors which may affect the type of tumour, namely, age and pregnancy 
or lactation. Age has been found not to influence prognosis ; just as many tumours 
of high malignancy as of low malignancy occur in each decade (Bloom, 19506). 
On the other hand, breast cancer associated with child-bearing carries a poor 
prognosis (Cheek, 1953 ; White, 1955), and, in a preliminary report on the subject 
(Bloom, 1955), the majority of tumours were found to be of the highly malignant 
Grade III type. This is in marked contrast to the present series of general cases 
where tumours of low and high malignancy have an approximately equal incidence. 


Perhaps the increased blood supply of the breast or changes in hormonal environ- 
ment in pregnancy and lactation play a part in determining the high grade of 


malignancy. 


SUMMARY 


Since there is great variation in the behaviour of carcinoma of the breast, 
even in patients with tumours of comparable clinical extent, we have attempted 
to recognise different degrees of malignancy in this disease from the histological 
appearance of the growth. 

The tumours of 1409 cases of breast cancer were divided into three grades of 
malignancy depending upon simple histological criteria and a good correlation 
with prognosis based upon 5, 10- and 15-year survival rates obtained. The number 
of survivors with tumours of low grade malignancy was between two and three 
times greater than those with tumours of high malignancy. A more accurate 
guide to prognosis can be obtained from histological data by considering the grade 
of the tumour with the presence or absence of metastases in the axillary lymph 
nodes. Thus the 5-year survival rate varied from 86 per cent for low grade cases 
with the axilla free to 19 per cent for high grade cases with the axilla involved. The 
corresponding figures at 10 years were 61 and 9 per cent, and at 15 years 49 and 7 
per cent. 

Grading reflects the potential malignancy of the tumour and indicates which 
cases are more likely to have occult distant metastases at the time of treatment. 
However, as metastases appear to be common in all three grades of tumour when 
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the patient first seeks advice, the real value of histological grading is in providing 
a guide to the speed with which such metastases become active, produce symp- 
toms and cause death. 

The technique of histological grading has been described in detail and possible 
difficulties discussed. Although some variation in histological architecture is 
common in breast cancer a definite individual pattern can usually be recognised 
in any particular tumour, and in most instances there is little difficulty in deciding 
into which grade it should be placed. Furthermore, the histological appearance 
of metastases usually closely resembles that of the parent tumour. In a group of 
397 patients the grade of malignancy in axillary lymph node metastases was 
identical with that of the breast tumour in 82 per cent of cases. 

Reference is made to the possible value of grading in determining the most 
suitable treatment for a particular type of case depending upon the clinical extent 
of the tumour and its histological type. The use of grading to assist in the evaluation 
of endocrine therapy is also mentioned. 

Brief reference is made to the question of “ host resistance’ as a possible 
factor in those patients whose clinical outcome does not conform to the predicted 
prognosis. 

Factors which may influence the histological grade of breast cancer are 
mentioned. So far, only the rare association of pregnancy and lactation has been 
found to have any effect, in which the majority of tumours are of high grade 
malignancy with a correspondingly poor prognosis. 


We wish to thank Professor R. W. Scarff for introducing us to his method of 
histological grading of breast cancer, Professor B. W. Windeyer for encouragement, 


Dr. P. Strickland for helpful criticism and Dr. J. W. Boag for some statistical 
advice. 

Our gratitude is due to the surgeons of the Middlesex Hospital and War-time 
Sector Units, and to Professor Windeyer and Miss Margaret Snelling of the Meyer- 
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We wish to thank Mr. T. E. Cowan of the Records Department, and Miss J. 
Chambers of the Follow-up Department of the Hospital for tracing the patients. 


REFERENCES 


Bere, J. W.—(1956) Cancer, 9, 935. 

Buack, M. M., Orter, 8. R. anp Speer, F. D.—(1955) Surg. Gynec. Obstet., 100, 543.— 
(1956) Amer. J. Clin. Path., 26, 250. 

Bioom, H. J. G.—(1950a) Brit. J. Cancer, 4, 259.—(1950b) Ibid. 4, 347.—(1955) Ann. 
Rep. Brit. Emp. Cancer Campgn, 33, 30.—(1956) Brit. J. Radiol., 29, 488. 

CapE, Stanrorp.—(1954) Ann. R. Coll. Surg. Engl., 15, 71. 

CHEEK, J. H.—(1953) Arch. Surg., Chicago, 66, 664. 

Dao, T. L-Y. anp Hueerns, C.—(1955) /bid., 71, 645. 

Emerson, W. J., KENNEDy, B. J., Granam, J. N. anp Natuanson, I. T.—(1953) 
Cancer, 6, 641. 

GrEENovGH, R. B.—(1925) J. Cancer Res., 9, 453. 

Gricovrorr, G.—(1948) Pr. méd., 54, 638. 


! 
| 
> 
a = 
is 


GRADING AND PROGNOSIS IN BREAST CANCER 377 


HaaGEnsen, C. D.—(1933) Amer. J. Cancer, 19, 285.—(1956) ‘ Diseases of the Breast ’. 
Philadelphia (Saunders), pp. 133, 522. 

Harrineton, 8S. W.—(1952) J. Amer. med. Ass., 148, 1007.—(1953) Ann. Surg., 137, 843. 

Hocuman, A.—(1952) J. Fac. Radiol. Lond., 3, 199. 

KREYBERG, L.—(1953) Brit. J. Cancer, 7, 157. 

Idem AND CHRISTIANSEN, T.—(1953) Jbid., 7, 37. 

Lenz, M. aND Freip, J. R.—(1931) Ann. Surg., 93, 278. 

LEwison, E. F.—(1955) Surgery, 37, 479. 

LOWENHAUPT, E. aNp Sternpacu, H. L.—(1949) Surg. Gynec. Obstet., 88, 291. 

MacCarty, W. C.—(1922) Ann. Surg., 76, 9. 

MacDona_p, I., Davis, F. E. anp Jacospson, G.—(1952) Amer. J. Roentgenol., 68, 954. 

Moores, O. 8. anp Foorr, F. W.—(1949) Cancer, 2, 635. 

Parry, D. H. anp Scarrr, R. W.—(1928) Lancet, i, 801.—(1929) Ibid, ii 492. 

Prerce, E. H., Ciacerr, O. T., McDonatp, J. R. anp Gace, R. P.—(1956) Surg. 
Gynec. Obstet., 103, 559. 

Ricuarpson, W. W.—(1956) Brit. J. Cancer, 10, 415. 

Smumons, C. C., Wricut, J. H., F. H. anp Greenoven, R. B.—(1933) 
Amer. J. Cancer, 19, 325. 

ScHEEL, A.—(1953) Acta radiol., Stockh., 39, 249. 

SmirHErs, D. W., Ricpy-Jongs, P., Gatton, D. A. G. anp Payne, P. M.—(1952) 
Brit. J. Radiol., Suppl., No. 4, p. 27. 

Srewart, F. W.—(1950) ‘ Atlas of Tumour Pathology ’. Armed Forces Inst. of Pathology, 
Sect. 9, Fasc. 34, Washington. 

Wurre, T. 't'—(1955) Amer. J. Obstet. Gynec., 69, 1277. 

R. A.—(1932) J. Path. Bact., 35, 11. 


np- 
ble | 
is 
sed 
ing 
ce | 
of 
Tas 
»st 
nt 
on 
le 
ad 
re 
n 
le 
e 


FOETAL HAEMIC METASTASIS. 
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PROBLEMS pertaining to the science of medicine can be divided into two 
classes, mechanical and biological. Although biological ways of thought are neces- 
sary for a final understanding, the opinion of Boerhaave (1703) “ that mechanics 
are exceedingly important for, and absolutely indispensable to, the science of 
medicine” is still applicable today. 

In metastasis of cancer the importance of mechanics is shown by the routes 
of spread, which determine to a great extent the location of seedlings. Broadly 
speaking, metastases in lymph nodes are of lymphatic, metastases in organs of 
haemic origin. Mechanical influences in haemic metastasis were experimentally 
investigated by Coman (1953), Warren (1933-1936), Young and Griffith (1950), 
Young, Lumsden and Stalker (1950) and Zeidman and co-workers (1947-1956). 
Standard works on pathology of human metastasis were written by Willis (1934, 
1952) and Walther (1948). Many other workers in this field must remain 
unmentioned here. 

Generally, haemic metastasis begins in the venous part of the circulatory 
system. The spread of cancer cells ends in the capillaries of the organs, these 
acting to a great extent as filters for tumour emboli. So, the “ linkage ” of the 
organs in the circulatory system plays a decisive part in haemic metastasis. We 
considered that in this respect conditions before and after birth differ vastly. 
We supposed that this might result in peculiarities of metastasis in foetal tumours. 
This hypothesis has been the basis of the investigation reported below. 


Anatomical peculiarities of the foetal vascular system. 

There are three important points of difference between the vascular anatomy 
before and after birth. 

(a) The short circuits of the pulmonary circulation via foramen ovale and ductus 
arteriosus.—These short circuits can convey tumour emboli directly from the 
venous into the arterial part of the systemic circulation, thus avoiding arrest in 
the lungs. The ductus Botalli reaches the aorta distal to the branches to myo- 
cardium, head, neck and arms. Therefore, these parts of the body receive “ unfil- 
tered ”’ blood only via the foramen ovale, whereas trunk, intestines, legs and placenta 
receive unfiltered blood via both short circuits. In this connection it is of impor- 
tance to know what percentage of the blood in the inferior vena cava (coming 
from adrenal glands, liver, placenta and other organs) passes outside the “‘ lung- 
filter ” into the descending aorta and has therefore a chance of reaching the umbili- 
cal arteries. Accurate data about this quantity in human foetuses are not available. 
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The nearest approach to the right answer is probably given by Barclay et al. 
(1941). Using their estimates, it appears that at least half the blood from the 
inferior vena cava passes unfiltered into the descending aorta. 

(b) The foetal placental circulation.—According to Dietrich (1925) the pressure 
in the umbilical arteries at the end of pregnancy varies from 50 to 83 mm., and 
the pressure in the umbilical vein from 32 to 48 mm. of mercury, roughly a drop 
from 2 to 1. In all other organs the drop from arterial to venous blood pressure 
is roughly from 100 to 1. It is clear from these figures that mechanical resistance in 
the placenta is exceptionally slight. Owing to wide connections between its 
arteries and veins, the placenta must be considered to be at the most a very 
coarse filter for corpuscular constituents of the foetal blood. 

(c) The ductus venosus Arantii.—Through this vessel a part of the blood from 
the placenta passes outside the liver directly to the inferior vena cava. According 
to Grosser (cited by Stoeckel, 1941) the part that goes through the liver relatively 
increases during foetal life, so that this finally amounts to more than half. 

From these considerations it may be deduced that foetal malignant tumours 
of organs with venous drainage to the inferior vena cava have little chance of 
giving rise to metastases in the lungs. Via the short circuits of the pulmonary 
circulation tumour emboli may easily be conveyed to the descending aorta. Once 
here they have a good chance of passing through the placenta to the liver. Deposits 
in this organ will in their turn, have a strong tendency to metastasize into the 
liver, because the hepatic vein is one of the branches of the inferior vena cava. 
Compared with metastasis after birth, foetal dissemination may be expected to be 
characterized by extensive hepatic metastases, especially if the primary tumour 
is located in the drainage area of the inferior vena cava. 


The choice of adrenal neuroblastoma for the investigation of foetal metastasis 

From Wells’ (1940) valuable article on congenital malignant neoplasms it 
was deduced that adrenal neuroblastoma best fulfilled our requirements : occurring 
with sufficient frequency both before and after birth, distinct primary location 
and tendency to haemic dissemination. Only those cases were accepted in which 
the picture at autopsy was not essentially influenced by therapeutic measures. 
For this reason we confined ourselves to the autopsy cases collected by Scott, 
Oliver and Oliver (1933) and of Redman et al. (1938), as most of the more recent 
publications deal with intensively treated cases. 

It is well known that by the beginning of this century neuroblastoma of the 
adrenal gland had already attracted the attention of pathologists by its ways 
of metastasis. The most characteristic feature of the “‘ Pepper-type ” is the excessive 
enlargement of the liver (Pepper, 1901). In the “ Hutchison-type ”, on the other 
hand, metastases in the skeleton (skull) predominate (Hutchison, 1907). It is 
beyond the scope of this article to reproduce all attempts in the literature to explain 
these types. None of them (for instance those given by Frew, (1911), Pick (1912) 
and van Dam (1924) has proved satisfactory. Several authors refuse to attach 
any special importance to these types of metastasis, or give them a definition 
deviating completely from the original descriptions. This too cannot be discussed 
in detail here. Suffice it to say that study of literature as well as experiences in 
the pathological laboratory at Groningen (3 unmistakable ‘‘ Peppers” and 1 
“‘ Hutchison ”’) have led us to the opinion that the “ Pepper-type ” and, in a lesser 
degree, the “‘ Hutchison-type ” are too numerous to be ascribed to mere coincidence. 
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Analysis of collected cases of adrenal neuroblastoma 


Considerations given above led us to suppose that foetal haemic metastasis 
might be characterized by extensive dissemination in the liver. Besides the 
“‘Pepper-” and ‘“‘ Hutchison-type ” unclassifiable cases had to be considered. 
In order to show the influence of foetal metastasis, a characteristic picture in th: 
very youngest patients would be necessary ; so the connection was ascertainec 
between hepatic metastasis of the type of metastasis on one hand and the ag: 
of death on the other. 

(a) The connection between the frequency of hepatic metastases and age.—Both: 
the material of Scott, Oliver and Oliver (1933) and that of Redman et al. (1938, 
contained cases which were described in sufficient detail to be used for this purpose. 
Their number amounted to 129. These cases were divided into the following age 
groups: 0 months (that is to say, prematurely born and dead, born dead or died 
soon after birth), 0 up to and including 3 months, 3-6 months, 6-12 months, 1-2 
years, 2-5 years, 5-10 years and 10 years or older. 


Age 0 0-3/12  3-6/12 6/12-1 2-5 5-10 >10 
Metastases. + 20 6 6 21 6 3 
Total. ° 4 24 9 13 49 14 14 
Percentage . 100 83 67 46 53 44 21 


%o 
100; 
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4 
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0 
0-3/12 6/12-1 2-5 
Fic. 1.—Connection between the frequency of hepatic metastases and age. 


In Fig. 1 one can see that the frequency of hepatic metastases above the age 
of 6 months shows only a slight variation. Below that age there is a strong increase 
up to birth, which reaches the highest possible maximum (100 per cent) in neonates. 
So the occurrence of metastases in the liver does indeed show a correlation with the 
chance of foetal metastasis. 

(b) The connection between the frequency of extensive hepatic metastases and 
age.—Suitable for this purpose were only 85 cases of Scott, Oliver and Oliver 
(1933) which were again divided into the age groups given above. 

Fig. 2 shows a remarkable agreement with the preceding one in the sense that 
above the age of 6 months only slight fluctuations were observed and below that 
age, again a rise to 100 per cent in neonates is seen. As after the age of 6 months 
the occurrence of extensive hepatic metastases appears to be considerably less 
than of metastases in the liver in general, the said rise in Fig. 2 is stronger than in 
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0-3/12 36/12 6/12-1 


18 2 1 
19 6 7 
33 14 


! 
0-3/12 6/12-1 2-5 >10 
Fic. 2.—Connection between the frequency of extensive hepatic metastases and age. 


Fig. 1. We may reasonably assume that this difference is due to two influences: 
the foetal metastasis, which above all leads to extensive dissemination in the liver, 
and the influence of which does not reach farther than the first 6 months after birth, 
and the post-natal metastasis giving a constant chance of metastases in the liver 
such as is known in all cancers. 

(c) The connection between type of metastasis and age.—It is well known that 
‘‘ Peppers” are very young. The age of Pepper’s own autopsy cases varied from 
14 to 16 weeks. The ages of the three “‘ Peppers ” autopsied in Groningen were 3, 
1 and half a month. Many data (see for instance Weber (1949)) could be quoted 
to confirm this view. Other cases than “ Peppers ”’, including “‘ Hutchisons ”’, are 
generally older. 

Besides the “ Pepper”- and Hutchison ”’-type “unclassifiable” cases 
were distinguished. Ninety-five cases of Scott, Oliver and Oliver (1933)* proved 
suitable for this purpose. They were divided into two age groups: younger and 
older than 6 months at death. 


Age - <6 months >6 months 

Total number . : 33 62 

Unclassifiable . 7 
Hutchison-type 1 [_] 
Pepper-type . 25 4—______+ 


<6 mos.< 
Fie. 3.—Connection between the type (“‘ Pepper ”, ‘‘ Hutchison ” or unclassifiable) and age. 


* Case number 51 of Scott, Oliver and Oliver (1933) (originally described by Lederer) has, 
obviously, owing to an error, been classified as “‘ Pepper ”’, whereas it should be ‘* Hutchison ”’. 


381 

Ago... 1-2 255-10 > 10 

Metastases 4 1 1 0 1 

the Total . 4 ll 22 5 12 

od Percentage . 100 9 5 0 8 

the % 

100 

age 

rth: 

38 

se. 

ed 

| 

— 

S. 

1e 

ud 

or 

ut 

lS 

38 

n 


382 J. WIEBERDINK 


Most striking in Fig. 3 is the high frequency of “ Peppers ” (75 per cent) in 
the first half year. In view of what has been said so far, this may be attributed 
to the influence of the foetal circulatory conditions. The “ Hutchison-type ” 
is left out of the question here because it seems to bear no relation to foetal 
metastasis. 

As the occurrence of ‘‘ Peppers ” after the age of 6 months might be attributed 
to variability of the ‘‘ normal ”’ postnatal metastasis, it can be deduced from the 
diagrams above that the influence of foetal circulatory conditions in neuroblastomas 
—roughly speaking—does not reach further than the first half-year after birth. 
This “ after effect ” is presumably the result of the time required by emboli to 
develop into clear metastases and to kill the patient. It seems probable that this 
“ after effect ’’ may be longer or shorter in other kinds of foetal cancer. 


CONCLUSION 


In adrenal neuroblastoma the frequency of extensive metastases in the liver 
runs parallel with the strength of the influence of foetal circulatory conditions 
assumed to be present. This influence predominates in patients dying round «bout 
birth and reaches about as far as half a year after birth. The pathological picture of 
the ‘‘ Pepper-type”’ can be explained by the mechanical influences of foetal 
circulatory conditions in haemic metastasis. 


SUMMARY 


The importance of mechanical factors in haemic metastasis, especially of the 
anatomy of the vascular system, is stressed. Because the foetal vascular system 


shows several important differences from conditions after birth, foetal metastasis 
must show properties different from spread with the blood after birth. These 
properties are deduced from what is known of the foetal circulation. A tendency 
to extensive metastasis in the liver, especially in tumours draining into the inferior 
vena cava, is considered to be predominant. Neuroblastoma of the adrenal gland 
is considered the most suitable malignant tumour to test these theoretical supposi- 
tions. The available material gives ample support that the so-called ‘‘ Pepper-type ” 
is due to foetal haemic metastasis. Biological influences in foetal metastasis are not 


considered. 


The theory propounded above formed part of my thesis (Wieberdink, 1950). 
With great pleasure I here express my thanks to Professor Dr. J. J. Th. Vos, 
who drew my attention to the mechanics of metastasis and whose personal interest 
has had such a stimulating influence on my work. Also to Professor Dr. Th. G. 
van Rijssel, acting on whose suggestion I investigated foetal metastasis and who 
was always willing to help me with his kind advice, I owe many thanks. 
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THE SEX CHROMATIN IN HUMAN MALIGNANT TISSUES 
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A SEXUAL dimorphism in resting nuclei has been described for man and monkey 
among the primates, and for several species of the orders Carnivora and Artio- 
dactyla. It is based on the presence of a special chromocentre, known as the sex 
chromatin, in the nuclei of females. Graham and Barr (1952) suggested that 
the sex chromatin may represent heterochromatic regions of the two X-chromo- 
somes that adhere to each other. This hypothesis is strengthened by the 
meticulous study of chromocentres in epidermal cell nuclei by Sachs and Danon 
(1956). The literature pertaining to the sex chromatin and its clinical application 
in anomalies of sex development has been ably reviewed by Lennox (1956), 
Davidson and Smith (1956) and Nelson (1956). 

Several reports have appeared that deal with the sex chromatin of tumour 
cells and these will be referred to later in the paper. The observations recorded 
in the present report are a sequel to the study of sex characteristics in nuclei of 
benign tumours, where the nuclei were found to be like those of normal tissues 
(Moore and Barr, 1955). 


MATERIALS AND METHODS 


Malignant tumours were studied as they became available over a period of 
time from pathology laboratories and there was no attempt to concentrate on a 
particular type of tumour. The series consisted of 127 specimens that included 
26 types of tumours according to histepathological diagnosis; 76 tumours were 
from females and 51 were from males (Table I). 

Sections that are satisfactory for purposes of histopathology may be unsuitable 
for the study of fine nuclear detail. Consequently, the procedure that resulted 
in good nuclear detail in skin biopsy specimens was followed (Moore, Graham and 
Barr, 1953; Barr, 1955). Small blocks of tissue were taken from favourable 
regions of surgical specimens during their gross examination in a pathology 
laboratory. The specimens had been immersed in formol-alcohol for several 
hours. The small blocks were fixed for 24 hours in the following solution : 
formalin 20 per cent, 95 per cent alcohol 35 per cent, glacial acetic acid 10 per cent, 
distilled water 35 per cent. After immersion in 70 per cent alcohol for 1 to 3 days, 
the blocks were dehydrated, embedded in paraffin and sectioned at 5 4. Sections 
from each specimen were stained by the Feulgen method and with Harris’s 
haematoxylin and eosin. 

Two hundred tumour cell nuclei of each specimen, 100 in Feulgen preparations 
and 100 in sections stained with H. & E., were examined for the presence or 
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absence of sex chromatin. A notation was made of nuclear structure (i.e., 
female or male morphology) in normal cells of the connective tissue stroma or 
vascular walls. Finally, the least and greatest diameters of the sex chromatin 
were measured with a filar micrometer eyepiece in a sample of 30 malignant cells 
in each of 15 types of tumour from females and in a teratocarcinoma from a male. 


TABLE I.—Incidence (per cent) of Sex Chromatin 


Histogenic 
classification Pathological diagnosis 
Glandularepithe- Adenocarcinoma of breast 
lium Adenocarcinoma of ovary 
Granulosa cell tumour of ovary 
Theca cell carcinoma of ovary 
Adenocarcinoma of uterus 
Adenocarcinoma of stomach 
Adenocarcinoma of large in- 
testine 
Adenocarcinoma of thyroid 
Adenocarcinoma of gall 
bladder 
Adenocarcinoma of prostate 
Adenocarcinoma of pancreas 
Renal cell carcinoma 
Non-glandular Basal cell carcinoma 
epithelium Squamous cell carcinoma, skin 
Squamous cell carcinoma, cer- 


> 


vix 
Carcinoma of urinary bladder. 
Melanin-forming Malignant melanoma 
tissue 
Leiomyosarcoma of uterus 
Rhabdomyosarcoma of cervix 
Connective tissue Chondrosarcoma 
Neurofibrosarcoma 
Endometrial sarcoma 
Embryonal and Chorion carcinoma 
mixed tissues Seminoma 
Teratocarcinoma of testis 
Teratoma (epignathus) 


Total number of specimens : 


OBSERVATIONS 
(a) Nuclei of malignant tumours in females 

Moore, Graham and Barr (1953) and Moore and Barr (1954) found that in 
152 specimens of normal tissues from females, a mass of sex chromatin was present 
in 50 to 90 per cent of nuclei, with an average incidence of 72 per cent (Fig. 1). 
Moore and Barr (1955) found that in 65 specimens of benign tumours and related 
conditions in females, the sex chromatin was present in 66 to 82 per cent of nuclei, 
with an average incidence of 74 per cent (Fig. 18). The variation in the figures 
for individual specimens, within the limits noted above, is probably of technical 
and interpretative origin. 

The sex chromatin was present in 2 to 84 per cent of nuclei in the 76 malignant 
tumours from females in the present series (Table I, Fig. 1p). In about one- 
third of the specimens the sex chromatin occurred with a frequency lower than has 
been encountered in normal tissues or benign tumours. The incidence of sex 
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chromatin fell within the range for normal male tissues or benign lesions in males 
in about one-fifth of the malignant tumours from female hosts. In general, the 
sex chromatin was present in a high percentage of nuclei in well differentiated 
tumours and in a low percentage of nuclei in poorly differentiated or 
undifferentiated tumours. This was especially noticeable in the adenocarcino- 
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Fic. 1.—Histograms illustrating the incidence of sex chromatin in normal tissues, benign 
tumours and malignant tumours in males and females. The percentages of nuclei with 
sex chromatin are on the abscissae and the percentages of specimens are on the ordinates. 
Averages for the incidence of sex chromatin are indicated by the arrows. 


mata of the breast and the squamous cell carcinomata of the cervix. There thus 
appears to be an inverse relation between the grade of malignancy and the incidence 
of sex chromatin, although it was difficult to assess this accurately because of the 
varied histopathological diagnoses in the entire group of specimens. The average 
incidence of sex chromatin was 54 per cent, but this mean value has little 
significance in view of the large variation in the figures from which it was derived. 
Nuclei in a cutaneous carcinoma, cervical carcinoma, thyroid adenocarcinoma, 
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basal cell carcinoma, adenocarcinoma of colon, leiomyosarcoma of uterus and 
rhabdomyosarcoma of cervix are illustrated in Fig. 2, 4 to 8 and 10 to 12. 

In one-third of the specimens as many as 15 per cent of nuclei contained two 
masses of chromatin that were similar in all respects to the single mass of sex 
chromatin in other nuclei (Fig. 10). There were occasionally three such masses 
of chromatin in a nucleus. 

The mean dimensions of the sex chromatin were fairly uniform among the 
specimens in which measurements were made. The average size of the sex 
chromatin in these malignant tumours was 0-8 x 1-3 ~ as compared with 0-8 x 
\-2 w in benign lesions and 0-7 x 1-2 ~ in normal tissues (Moore and Barr, 1955). 
‘The differences are probably not significant in view of the error involved in measur- 
ing such a small object. Occasionally, however, a mass of sex chromatin as large 
as 1-1 x 2-0 ~ was encountered in a malignant cell, while the largest mass of sex 
chromatin that had been noted in a non-malignant cell measured 1-1 x 1-3 yu. 
‘There was no obvious relation between the size of the sex chromatin and the grade 
of malignancy. 

The recognition of sex chromatin in malignant tissues was rather more difficult 
than in non-malignant tissues. This was caused in part by the greater variation 
in staining properties of malignant cell nuclei and the occurrence of degenerating 
cells that had to be passed over. The presence of multiple small nucleoli made the 
identification of sex chromatin difficult occasionally in haematoxylin and eosin 
preparations, since a small nucleolus adjacent to the nuclear membrane simulated 
sex chromatin. This difficulty was circumvented by the use of Feulgen prepara- 
tions, in which the nucleoli appeared as Feulgen-negative bodies surrounded by 
rims of Feulgen-positive chromatin particles (Fig. 9). The sex chromatin was 
always distinctly Feulgen-positive (Fig. 7,8, 10and11). In spite of these factors, 
the difference between the incidence of sex chromatin in the series of malignant 
tumours compared with normal tissues and benign lesions (Fig. 14, B, D) was 
too large to be explicable solely on technical or observational grounds. 

Normal cells in the connective tissue stroma or vascular walls had a typical 
female morphology in all specimens. 


(b) Nuclei of malignant tumours in males 

Moore, Graham and Barr (1953) and Moore and Barr (1954) found that in 
157 specimens of normal tissues from males, a chromatin mass simulating the sex 
chromatin was present in 1 to 21 per cent of nuclei, with an average incidence of 
6 per cent (Fig. 14). Moore and Barr (1955) found that in 58 specimens of benign 
tumours and related conditions in males, a mass simulating the sex chromatin 
occurred in 2 to 18 per cent of nuclei, with an average incidence of 6 per cent 
(Fig. 1B). 

In 50 of the 51 malignant tumours from male hosts, a chromatin mass that 
might be interpreted as sex chromatin was present in 1 to 12 per cent of nuclei, 
with an average incidence of 4 per cent (Table I, Fig. 1c). The nuclei of normal 
cells in the stromal and vascular tissue had a typical male morphology in all 
specimens. Insofar as the sex chromatin is concerned, therefore, the malignant 
cells did not differ from the normal cells of the host. Nuclei of a cutaneous 
carcinoma and an adenocarcinoma of the colon are illustrated in Fig. 3 and 9. 

The single exception was a teratocarcinoma of the testis that happened to be 
included in the series. In this specimen from a 27-year-old patient, 76 per cent 
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of the nuclei contained a mass of chromatin whose mean diameter was 0-8 x 1-3 
and which was like the sex chromatin of female cells in all respects (Fig. 1c). 
The nuclei of epithelial cells in a smear preparation from the oral mucosa and the 
nuclei of Leydig cells in a fragment of normal testicular tissue that accompanied 
the specimen had a typical male structure. Nuclei in tumour and oral smear 
are illustrated in Fig. 13. The finding in this specimen may be considered in 
conjunction with the observation on another teratoma of the testis that was 
included in an earlier report (Moore and Barr, 1955), where 70 per cent of the 
nuclei contained the typical female sex chromatin. 


DISCUSSION 


Hunter and Lennox (1954) noted that the sex characteristics of nuclei in 
squamous carcinomata were like those of the hosts, although the nuclear irregulari- 
ties of the malignant cells often made an interpretation difficult. Tavares 
(1955a, 6) studied the nuclei of 110 malignant tumours divided equally between 
female and male hosts. The sections were stained with haematoxylin and 
eosin and by the Feulgen method. Sex chromatin was present in 27 to 79 per 
cent of the nuclei in specimens from females, with an average incidence of about 
72 per cent. Low counts were encountered in two undifferentiated cutaneous 
carcinomata. In specimens from males, sex chromatin was identified in 1 to 
15 per cent of nuclei, the average being about 6 per cent. Sohval and Gaines 
(1955) examined the nuclei of 198 specimens that included benign and malignant 
tumours, squamous metaplasia, and inflammatory and hyperplastic lesions, 
using routine sections stained with haematoxylin and eosin that had been filed 
in the laboratory collection. They identified typical sex chromatin in only 
one-fourth of 134 specimens from females. Sex chromatin was not identified by 
these authors in 64 specimens from males, with the exception of a teratoma of 
the mediastinum, which had female nuclei. 

The observations reported in the present paper are in agreement with those 
of Tavares, except that a low incidence of sex chromatin was found in a larger 
proportion of tumours from females. The small proportion of pathological 
specimens from females in which sex chromatin could be identified, as reported 
by Sohval and Gaines, probably resulted from the use of routine sections stained 
only with haematoxylin and eosin, as the authors themselves suggested. 

Weinmann, Mayer and Marwah (1955) reported that a sex chromatin-like 
particle was present with an unusually high frequency for male tissues in 11 basal 
cell carcinomata from male patients. The immediate vicinity of the lesion seemed 
to be most affected. The average incidence of a mass simulating the sex chroma- 
tin was only 6 per cent in the 6 basal cell carcinomata in males that were included 
in the present series. However, it was not possible to study adjacent tissue since 
only small biopsy specimens of the lesions were available. Coutts and Inzunza 
(1955) and Coutts, Inzunza and Coutts (1956) found a wide range (3 to 40 per cent) 
for the incidence of sex chromatin in benign and malignant prostatic lesions, 
on studying fresh material by phase microscopy. Unfortunately, it is not possible 
to interpret these observations until data derived from phase microscopy are 
available for normal cells. 

The low incidence of sex chromatin that was found in about one-third of the 
malignant tumours from females in the present series, and the occasional occurrence 
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of more than one mass of sex chromatin, are probably a consequence of the diverse 
-hromosomal anomalies that are known to occur in cells of many malignant 
‘umours., For example, sex chromatin would be lacking in a nucleus that had 
ost one or both X-chromosomes through a mitotic irregularity. Similarly, 
‘ragmentation of an X-chromosome might deprive nuclei in the subsequent cell 
iineage of heterochromatic regions of two X-chromosomes that combine to form 
‘he female sex chromatin. The study of chromocentres in epidermal cell nuclei 
ivy Sachs and Danon (1956) indicates that altered conditions of cellular metabolism 
must also be taken into consideration, since the behaviour of heterochromatic 
-egments of chromosomes may be affected in various ways. The suggested rela- 
‘ion between infrequent nuclei with sex chromatin in tumours in females and 
highly malignant properties of such tumours may be worthy of further investiga- 
‘ion. Highly malignant tumours may contain a larger proportion of cells with 
chromosomal anomalies, leading to a departure from the usual nuclear structure 
of female cells. Such an investigation would require the study of a fairly large 
series of female tumours of a type that has a relatively simple architecture, thus 
facilitating grading according to histopathological criteria of malignancy. 

The report of Hunter and Lennox (1954) that 5 of 9 teratomata from males 
consisted of cells with female nuclei aroused considerable interest and provoked 
new hypotheses on the origin of these tumours. This observation was confirmed 
by Cruickshank (1955), Levij (1955) and Tavares (1955a, 6). The type of nuclear 
structure, female or male, has now been recorded for 85 teratomata. They were 
situated in the gonads, mediastinum and pineal body. Forty-three teratomata 
in females had nuclei with female morphology. Of 42 teratomata in males, 20 
had a male nuclear structure, while in 22 the nuclear structure was female. 
Other than the unconfirmed reports of a relatively high incidence of sex chromatin- 
like masses in some basal cell carcinomata in males (Weinmann, Meyer and Marwah 
1955) and in some prostatic tumours (Coutts, Inzunza and Coutts, 1956), tumour 
tissue with female nuclei in male hosts has not been described except for the 
teratomata. These observations have revived the view that the origin of terato- 
mata differs from that of other tumours. They may possibly be derived from 
primordial germ cells, some having gone astray in their migration from the 
endodermal epithelium to the gonads in the early embryo and taken up extra- 
gonadal positions. These cells may undergo a reduction division as do germ 
cells generally. In any event there has been recourse to haploid cells in attempts 
to explain the nuclear structure of teratomata. The fusion of two haploid cells 
in @ process akin to fertilization (Hunter and Lennox, 1954) and parthenogenesis 
of a haploid cell followed by chromosome reduplication to give diploid cells 
(Tavares, 1955a, b) have been suggested as possible events leading to a proportion 
of contra-sexed teratomata in males but not in females. 


SUMMARY 


The sex characteristics of cells of malignant tumours were studied in 127 
specimens, 76 from females and 51 from males. In about one-third of the tumours 
from female hosts the incidence of sex chromatin in the nuclei was low relative 
to non-malignant tissues. Two or three masses of sex chromatin were present 
cecasionally in the same nucleus. These departures from the nuclear structure 
of normal tissues were ascribed to various chromosomal anomalies in malignant 
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cells. With the exception of a teratoma of the testis, which consisted of cells 
with female nuclei, all specimens from male hosts contained male nuclei. 


This work was supported by a grant from the National Cancer Institute of 
Canada and the D. H. McDermid Medical Research Fund. We are grateful to 
the following pathologists for placing specimens at our disposal and for allowing 
us to make use of their pathological diagnoses: Professor J. H. Fisher, Depart- 
ment of Pathology, University of Western Ontario; Professor J. C. Paterson, 
Department of Medical Research, University of Western Ontario; and Dr. 
W. M. Wilson, Regional Laboratory, Ontario Department of Health, London, 
Ontario. Mr. J. E. Walker and Mr. C. E. Jarvis gave valuable technica! 


assistance. 
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EXPLANATION OF PLATES 


(The magnification of all photomicrographs is x 2000. The sex chromatin is indicated by 
an arrow.) 

Fic. 2.—Carcinoma of skin, female. Haematoxylin and eosin stain. 

Fic. 3.—Carcinoma of skin, male. Feulgen stain. 

Fic. 4.—Carcinoma of cervix. Haematoxylin and eosin stain. 

Fic. 5.—Carcinoma of cervix. Sex chromatin is lacking in this group of nuclei. The inci- 
dence of sex chromatin was only 10 to 35 per cent in 5 cervical carcinomata. Haematoxylin 
and eosin stain. 

Fic. 6.—Adenocarcinoma of thyroid, female. Haematoxylin and eosin stain. 

Fic. 7.—Basal cell carcinoma of skin, female. Feulgen stain. 

Fic. 8.—Adenocarcinoma of colon, female. Feulgen stain. 

Fic. 9.—Adenocarcinoma of colon, male, illustrating the multiple nucleoli that are present 
in nuclei of some malignant cells. Feulgen stain. 

Fic. 10.—Adenocarcinoma of colon, fernale. Two masses of sex chromatin are present. 
Feulgen stain. 

Fic. 11.—Leiomyosarcoma of uterus. Feulgen stain. 

Fic. 12.—Rhabdomyosarcoma of cervix. Haematoxylin and eosin stain. 

Fic. 13.—Teratoma of the testis. Haematoxylin and eosin stain. Inset is a nucleus of an 
epithelial cell from an oral smear of the same patient. Cresyl echt violet stain. 
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Tue value of exfoliative cytology in the diagnosis of lung cancer has been 
established, but the elimination of false positive reports has not been accomplished. 
In fact, it has been stated that a high degree of reliability can be achieved only 
through the acceptance of a lesser sensitivity (Farber, Benioff, Frost, Rosenthal 
and Tobias, 1948). Some reports lend support to this statement. For example, 
Spjut, Fier and Ackerman (1955) had no false positive smears of sputum or 
bronchial washings, but their original cytologic examinations were positive in 
only 243 of the 501 lung cancers. Conversely, Wandall (1944) detected cancer 
cells in the smears from all of his patients who had lung cancers from which he 
obtained adequate specimens, but he had false positive reports in almost 10 per 
cent of the cases. Nevertheless, according to Foot (1955), Papanicolaou and 
associates have achieved a sensitivity of over 95 per cent in the cytologic diagnosis 
of lung cancer despite a false positive rate of only 0-5 per cent. 

Iversen (1953), who reviewed the literature and summarized the cytologic and 
clinical findings in 47 false positive cases, found false positive smears most 
frequently in patients with bronchiectasis, pneumonia or lung abscess (Table I). 
Foot (1955) also reported false positive smears due to bronchiectasis or pneumonia. 
Atypical squamous cells, large ciliated columnar cells, and “ Pap” cells were 
responsible for most of his false positive results. Farber, Benioff, Frost, Rosenthal 
and Tobias (1948) reported that histiocytes may also simulate cancer cells. 

This paper is a presentation of a study of benign atypical cells which simulate 
malignant cells in sputum or bronchial secretions. 


TaBLeE I.—Pulmonary Diseases Associated with False Positive or 
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MATERIAL AND METHOD 


Smears of sputum or bronchial secretion from 217 patients, who were under 
investigation for possible lung cancer, had been examined previously for the 
presence of malignant cells. The spreads had been prepared according to the 
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Papanicolaou technique (1942). The smears from 53 patients had been reported 
as positive or suspicious for malignant cells. Thirty-nine of this group had 
proved bronchogenic cancer. The cytologic diagnosis of lung cancer could not 
be substantiated in the remaining 14 patients. The smears from one of these 14 
patients had been interpreted as positive, and the other 13 suspicious for malignant 
cells. The smears from these 14 cases were reviewed and the atypical cells which 
had been incorrectly interpreted as positive or suspicious for malignant cells were 
studied. 


RESULTS 


There were four types of cells which simulated cancer cells ; atypical squamous 
cells, “‘ Pap ” cells, large columnar cells and large basophilic “ smudge ”’ cells of 
undetermined nature. 


Atypical Squamous Cells 


Clinical diagnoses.—Atypical squamous cells were encountered in five patients 
(Table II, Cases 1—5), including a patient (Case 1) whose false positive report 
resulted from chronic organizing pneumonia and pulmonary infarction with 
atypical squamous metaplasia of bronchioles (Fig. 1-4). One other patient in 
this group had a pulmonary infarct. The clinical diagnosis in two cases was 
chronic bronchitis. The fifth patient had severe bronchiectasis. 


TABLE IIT.—Pseudomalignant Cell Type and Clinical or Pathologic Diagnoses 


Squamous Bronchiectasis. 
Organizing pneumonia 
and infarct. 
Chronic bronchitis. 


Infarct of lung. 
Bronchiectasis. 
Chronic bronchitis. 
Tuberculosis. 


Columnar Chronic pneumonia. 
and Pa ” 
* Pap’ ‘ Tuberculosis. 
‘ Chronic pneumonia. 
Large basophilic 
smudge cell 
Note.—Case number 2 was reported as positive, all the others as suspicious for malignant cells. 


Microscopic.—Atypical, benign, squamous cells were solitary (Fig. 1) or in 
clusters. They were usually polyhedral although oval, elliptical or “ tadpole ” 
forms were encountered. The abundant cytoplasm was intense red or orange 
and the cell borders were distinct. Occasionally there was disturbance of the 
nucleocytoplasmic ratio (Fig. 1). Although the nuclear chromatin was uniformly 
distributed in most cells, clumping of chromatin occasionally simulated that 
found in malignant cells (Fig. 1, 2, 5). Frequently, two or more overlapping 
nuclei simulated a solitary bizarre nucleus until the cell was examined more 
closely (Fig. 5). Nucleolar abnormalities were not marked. 
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Differentiation from malignant cells 

1. Relative preservation of nucleocytoplasmic ratio: In most instances the 
cytoplasm was abundant. Small cells showed the greatest disturbance of 
nucleocytoplasmic ratio but their nuclei rarely occupied more than one-half of 
the cell volume. 

2. Less variation in size and shape of cells and nuclei. 

3. Regularity of nuclear borders: The borders of the nuclei of benign cells 
were usually uniform, smooth and regular, in contrast to the ragged, irregular 
borders of malignant cells. Fig. 1, 2 and 5 show unusual exceptions to this rule. 

4. Less clumping of chromatin. 

5. Absence of multiple features of malignancy in any one cell. 


Columnar Cells 


Clinical diagnoses.—Columnar cells which resembled cells of adenocarcinoma 
resulted in four “ false ’’ suspicious results (Table II, Cases 6-9). The clinical 
diagnoses in these four cases were pulmonary tuberculosis (2), bronchiectasis 
and emphysema. 

The smears from a patient with tuberculosis, and another set from a patient 
who had chronic pneumonia contained columnar cells which were interpreted 
originally as atypical squamous cells (Table I, Cases 10 and 11). 

Microscopic.—Usually the cells were in clusters, palisades (Fig. 6) or, rarely, 
acini (Fig. 7). Cilia, a heavy cuticular border, pale translucent cytoplasm and 
tall columnar configuration characterize normal respiratory columnar cells. 
However, cells which were perpendicular to the slide appeared round or oval, the 
cytoplasm opaque and the cilia or cuticules invisible (Fig. 6). Others were 
devoid of cilia or cuticular borders and had cuboidal, polygonal or fusiform con- 
figurations. Multinucleation, large nuclei and large nucleoli were common 
findings. Atypical cells of this type simulated carcinoma cells of glandular type, 
especially when goblet cells were included in cell clusters (Fig. 6). Nuclear 
atypism was seldom striking, but it must be remembered that the cells of well- 
differentiated adenocarcinomas may not show marked pleomorphism. 

In two cases the cytoplasm of flattened columnar cells was deeply acidophilic 
and the cells suggested atypical, keratinized, squamous cells (Fig. 9). However, 
their nuclei were similar to those of columnar cells and transition forms were 
identified. Histologic examination of the bronchial epithelium disclosed epithelial 
cell hyperplasia and changes suggesting very early squamous metaplasia (Fig. 10). 


Differentiation from malignant cells 

1. Presence of cilia or heavy cuticular membrane. It is debatable whether 
malignant respiratory cells ever have cilia but for practical purposes any cells 
with cilia should be regarded as a benign cell. 

2. Preservation of polarity in the palisaded clusters. 

3. Minimal nucleolar atypism. 

4. Close association with normal ciliated columnar cells. 

5. The presence of transition forms. 

Source.—These cells resembled the large, columnar cells which line the upper 
respiratory passages, but in several instances origin in hyperplastic bronchial 
epithelium was possible (Fig. 8, 10). 
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Pap” Cells 

Papanicolaou (1954) found small, elliptical, acidophilic cells with pyknotic 
nuclei in his own sputum. These cells have since been referred to as ‘“ Pap” 
cells and are found in patients with chronic bronchitis. 

Clinical diagnoses.—Three patients in this series had “Pap” cells which 
resembled malignant cells of squamous or undifferentiated cell variety (Table II, 
Cases 11-13). The clinical diagnoses were chronic pneumonia (2) and pulmonary 
tuberculosis. 

Microscopic.—These cells were found in small clumps of loosely joined cells 
or as isolated cells which measured less than 15 microns in diameter (Fig. 11, 12). 
Usually, the cytoplasmic borders were sharp and the nuclei small. Occasionally, 
the cells were blurred, smudged, or associated with “shadow” forms which 
appeared to be similar cells which had undergone degenerative or lytic change. 
The small size of these cells accentuated any nuclear enlargement, thereby 
producing sufficient nucleocytoplasmic disproportion to suggest malignancy, 
especially of the undifferentiated-cell type. 


Differentiation from malignant cells 
1. Absence of large bizarre squamous cells (differentiation from malignant 
squamous cells). 


EXPLANATION OF PLATES 


Fic. 1.—Atypical squamous cell with large nucleus, irregular nuclear border and prorainent 
nucleolus. False positive smear from patient with pulmonary infarct. x 970. 

Fic. 2.—Same case. Cluster of bizarre squamous cells exhibiting nuclear hyperchromasia, 
irregular nuclear borders, clumping of chromatin and variation in shape of nuclei. Note 
the abundant cytoplasm. x 970. 

Fic. 3.—Same case. Histologic section showing chronic organizing pneumonitis and an 
infarct (top of photograph). Multiple islands and strands of metaplastic squamous cells. 
xX 86. 


Fic. 4.—Same case. Higher magnification of cells in Fig. 3. Marked atypism of some of the 
metaplastic squamous cells. x 970. 

Fic. 5.—Atypical squamous cells. Overlapping nuclei in the upper cell are easily misinter- 
preted as a solitary nucleus of a malignant cell. False suspicious smear. Severe bron- 


chiectasis. x 1080. 
Fic. €.—Overiapping columnar cells which resemble cells of adenocarcinoma. Note the 


+ 


goblet cell, with its ex ic leus, in one corner of the cluster. False suspicious smear. 
Chronic pneumonia. x 1080. 

Fic. 7.—Large cluster of columnar cells with pseudo-acinar ~~ Note large nucleoli 
in a few cells. False suspicious smear. Emphysema. x 1080 

Fic. 8.—Microscopic section of bronchus showing epithelial hyperplasia with increased strati- 
fication and cells similar to those in Fig. 6 and 7. x 355. 

Fic. 9.—Cluster of overlapping columnar cells which resemble squamous cells because of 
acidophilic cytoplasm, indistinct cilia and large nuclei. False suspicious smear. Pulmonary 
tuberculosis. x 1010. 

Fic. 10. ass «eo section of bronchus showing stratification, loss of cilia and early 
squamous metaplasia. The cytoplasm is acidophilic like that of the cells in Fig. 9. x 355. 

Fic. 11.—Two “ Pap” cells. Note that they are much smaller than the adjacent macrophage. 
Negative smear. xX 1350. 

Fic. 12.—Cluster of “‘ Pap” cells which resemble the cells of undifferentiated carcinoma. 
Note the nucleocytoplasmic disproportion and indistinct cell borders. False suspicious 
smear. Pulmonary tuberculosis. x 920. 

Fie. 13. —Same case. Microscopic section showing squamous metaplasia with atypical 
regenerat ‘reserve ” bronchial cells which are probably “ Pap ” ce’ x 325. 

Fic. 14.—Cluster of large cells with deeply basophilic cytoplasm and smudged nuclei. False 
suspicious smear. Chronic pneumonia. x 730. 

Fie. 15.—Same case. Microscopic section showing a small bronchus filled with similar cells 
and the mycelia of yeast. x 95. 
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2. Minimal variation in size and shape of nuclei. 

3. Nuclei occupy less than 75 per cent of cell volume (differentiation from 
undifferentiated carcinoma cells). 

4, Disappearance or decrease in number following treatment with antibiotics. 

Source.—The reported relationship of ‘‘ Pap ”’ cells to active chronic inflamma- 
tion of the respiratory epithelium was confirmed. Microscopic sections of bron- 
chial mucosa from patients who had “ Pap ” cells in their sputum disclosed cells 
similar to those found in the smears (Fig. 13). The mucosa of these patients was 
‘he site of chronic inflammation, focal epithelial-cell desquamation and regenera- 
tion of the epithelium with early squamous metaplasia. The small regenerated 
cells from such areas frequently presented features similar to those of the ‘‘ Pap ” 
cells. 

Basophilic Cells 

Clinical diagnoses.—The sputum of one patient with chronic pneumonia 
contained cells which had been interpreted as suspicious of carcinoma cells of 
large undifferentiated-cell type (Table II, Case 14). 

Microscopic.—The cells formed small groups of large cells which had cytoplasm 
which was so intensely basophilic that it obscured the features of most of the 
nuclei. The latter, when visible, were irregularly shaped, large, and hyper- 
chromatic (Fig. 14). Variation in size and shape of nuclei was striking. Smudged, 
bizarre forms with indistinct or smooth and slightly refractile nuclei were 
numerous. Mycelia of yeast and large colonies of bacteria were also present. 


Differentiation from malignant cells 

1. Deep basophilia of cytoplasm. Although the cytoplasm of malignant cells 
may be basophilic, the intensity of basophilic staining of the latter is not as 
intense as that seen in these cells. 

2. Poorly-defined cell borders. 

3. Very bizarre appearance. 

4. Uniform, smooth, slightly refractile nuclei which were suggestive of 
vegetable nuclei. 

Source.—Cells similar to the above were seen within the lumens of small 
bronchi (Fig. 15). They may be yeast cells. 


DISCUSSION 


As noted by Foot (1955) and Farber, Benioff, Frost and Rosenthal and Tobias 
(1948), squamous cells which originate in foci of metaplasia may be difficult to 
differentiate from malignant squamous cells. In this series, the one false positive 
report was the result of atypical squamous metaplasia adjacent to a pulmonary 
infarct which had complicated severe organizing pneumonia. One of the other 
four patients whose smears contained atypical benign squamous cells had 
histologically demonstrable squamous metaplasia of bronchial epithelium. 

Columnar cells are numerous in bronchial washings, and their absence indicates 
in unsatisfactory specimen. Sputum may or may not contain such cells. Either 
type of specimen may contain cells from the upper respiratory tract which is 
‘ined by columnar cells of larger size than those of the bronchi. They also have 
iarger and more hyperchromatic nuclei. The atypical columnar cells encountered 


“ia. 
‘ 
i 
q 
é 
F 
4 
4 
j 
: 


396 WILLIAM UMIKER 


in this study may have been such cells. However, some of the bizarre columnar 
cells encountered in this study exhibited even more atypism than that seen in 
these cells, and histologic studies indicated origin in hyperplastic bronchial 
epithelium in several instances. The studies of Auerbach and his associates 
(1956) have revealed a high incidence of such atypical bronchial hyperplasia. 
Relatively flat, columnar cells with red cytoplasm were confused with malignant 
squamous cells, and probably indicated very early squamous metaplasia of hyper- 
plastic epithelial cells. 

Although ciliated columnar cells are more numerous, mucin-forming cells 
may also be present. Philps (1956) described such vacuolated cells which 
simulated adenocarcinoma cells and originated in bronchiolar epithelium. 

Herbut and Clerf (1946) reported on syncytial-like clusters of respiratory 
columnar cells which simulated cancer cells. These were found in smears from 
patients who had pulmonary tuberculosis. We have encountered such syncytial 
cells of this type, but have been able to recognize their benign nature by the 
identification of cilia or cuticular borders. 

The nature, origin, and significance of “ Pap” cells are unknown, although 
there is general agreement that these cells are usually found in patients with 
chronic bronchitis and are benign cells. Not infrequently, “Pap” cells are 
associated in smears with hyperplastic columnar cells and metaplastic squamous 
cells. Microscopic tissue sections from the bronchi of patients whose sputum 
contained such cells disclosed regenerating “ reserve ’’ bronchial cells which closely 
resembled “‘ Pap” cells. Adjacent areas showed hyperplasia, stratification and 
squamous metaplasia. 

The large basophilic cells which were encountered in a case of chronic 
pneumonia were not identified satisfactorily, despite histologic examination of 
the lungs from that patient. These bizarre cells may have been yeast or vegetable 
cells. 

Pseudomalignant cells were encountered most frequently in patients with 
bronchiectasis and chronic pneumonia (Table I). Pulmonary tuberculosis, lung 
abscess, and chronic bronchitis were incriminated less frequently. Although 
atypical large columnar cells were found most frequently in patients who had 
pulmonary tuberculosis, it is believed that this may have been due to a pre- 
ponderance of tuberculous patients in the group studied, rather than to a correla- 
tion between these cells and the tuberculous process. 

This study failed to demonstrate any constant relationship between cell type 
and the nature of the disease process. However, the atypical squamous cells, 
“Pap ”’ cells and acidophilic or hyperplastic cells appear to represent cytologic 
expressions of Auerbach’s bronchial changes. 


SUMMARY AND CONCLUSIONS 


1, Sputum or bronchial secretion from 217 unselected patients was examined 
cytologically for malignant cells. In this group there was one false positive and 
13 “ false ” suspicious reports. 

2. Pseudomalignant cells were found most commonly in patients with chronic 
pneumonia, bronchiectasis, pulmonary tuberculosis and chronic bronchitis. 

3. The pseudomalignant cells were chiefly of squamous or columnar type 
but also included ‘“ Pap” cells and intensely basophilic “smudge” cells of 
unknown type. 
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4. The atypical squamous cells originated in areas of squamous metaplasia 
of bronchial epithelium. Some of the variants of squamous metaplastic cells, 
hyperplastic respiratory columnar cells and “Pap” cells are probably the 
cytologic expression of inflammatory or premalignant dysplasia of bronchial 
epithelium. 

5. Criteria which have proved helpful in differentiating atypical benign cells 
from malignant cells have been presented. 

6. Although benign cells rarely present sufficient atypism to cause false 
positive diagnoses, malignancy cannot always be completely excluded. The 
use of a suspicious category for these cases is necessary. 


Photomicrographs by Mr. Robert Logan. 
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Tue presence of polycyclic aromatic hydrocarbons in tobacco smoke from 
cigarettes, pipes and cigars has been demonstrated in this laboratory (Cooper and 
Lindsey, 1953 ; Cooper, Lindsey and Waller, 1954; Gilbert and Lindsey, 1956 ; 
Campbell and Lindsey, 1957) and elsewhere (Seelkopf, 1955; Bonnet and 
Neukomm, 1956; Cardon, Alvord, Rand and Hitchcock, 1956 ; Lettré and Jahn, 
1955; Lettré, Jahn and Hausbeck, 1956). 

Although these compounds are also present in unburnt tobacco to some extent 
(Campbell and Lindsey, 1956), it has been demonstrated that, even when they are 
removed by exhaustive extraction, the residual material after re-humidifying 
will yield a smoke containing the same compounds albeit in smaller amount 
than would be produced from the unextracted tobacco. The conclusion is 
unavoidable that the hydrocarbons are produced from the constituent materials 
of the tobacco during the smoking process. The major constituents of tobacco 
for use by smokers are well known and are fully discussed in the standard works 
on tobacco technology (e.g. Garner, 1946 ; Frankenburg, 1946). It was considered 
appropriate to examine these substances by experimental means to determine 
which of them gives rise to such hydrocarbons during the smoking process and 
the object of the present paper is to present the results of the thermal decom- 
position of some of the major tobacco constituents as a contribution towards this 
end. In Table I are listed these major constituents for a typical flue-cured 
cigarette tobacco with their approximate proportions expressed as percentages 
of dry weight (Frankenburg, 1946). The quantity of each constituent is somewhat 
variable and depends upon many factors such as the variety of tobacco plant, 
the soil composition, the weather conditions during growth, the time of harvesting 
and the rapidity and method of curing. 


TaBLE I.—Composition of Flue-cured Cigarette Tobacco 


Oxalic acid 
Citric acid . 
Total nitrogen 

compounds 
Total resins 
Polyphenols 
Hemicelluloses 
Ash . 


Total 


One of the major constituents, cellulose (in the form of cigarette paper) has 
been smoked in a manner as closely resembling cigarette smoking as was possible 
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‘Cooper, Gilbert and Lindsey, 1955) and the presence of polycyclic aromatic 
hydrocarbons has been demonstrated in the smoke. This has been confirmed 
yy Cardon, Alvord, Rand and Hitchcock (1956), and by Latarjet, Cusin, Hubert- 
Harbart, Muel and Royer (1956). It was decided that, since thermal decompo- 
ition must be one of the processes occurring in the smoking process, some useful! 
information should be obtained by heating each of the tobacco constituents to 
the prevailing temperature during the production of smoke. Accordingly the 
tirst ten substances in Table I of the purest form obtainable were heated for one 
hour at 650° C. in an atmosphere of nitrogen, and the products of the thermal 
decomposition were collected and examined by the methods of alumina chroma- 
‘ography and ultra-violet spectrophotometry employed in the examination of 
tobacco smoke. 


EXPERIMENTAL 


The pure chemical compounds employed were of Analar grade. The specimen 
of cellulose used was the highest grade of absorbent cotton wool, the lignin was 
used as supplied from the Forest Products Research Laboratory and was obtained 
from the sulphite liquors of the wood pulp industry, the pectin was manufactured 
by Unipektin Ltd., of Zurich, and the starch was washed wheat starch. 

All the glass apparatus employed was vigorously cleaned by the techniques 
previously described and care was taken throughout the investigation to minimize 
exposure of the materials or products to atmospheric pollution. The reagents 
employed were purified as previously described. 

A weighed quantity (usually 5 g.) of the material to be examined was placed 
in @ pyrex glass tube through which a slow stream of nitrogen was passed. When 
all the air had been displaced, an electric furnace previously adjusted to 650° C. 
was rapidly raised to surround the tube and the products of thermal decomposition 
were collected in a water-cooled condenser and receiver. All connections were 
made by means of standard ground-glass joints. Heating was continued for one 
hour and the tube was then allowed to cool in the nitrogen stream. The whole 
apparatus including the carbonized residue was extracted with acetone and the 
acetone solution transferred to cyclohexane as in the tobacco smoke analysis. 
After washing with acid and sodium hydroxide, the neutral cyclohexane solutions 
were analysed on activated alumina columns 10 cm. long and 1°2 cm, diameter. 
Good separations of the hydrocarbons were usually obtained with one chromato- 
gram. The quantities of each polycyclic hydrocarbon determined are shown in 
Table II expressed in micrograms for 100 g. of the material used. 


DISCUSSION 


The smoking process is a complicated series of changes as yet imperfectly 
understood. The complications are enhanced by the variable nature of the 
initial material and by the additional variables introduced by the smoking 
technique. It is possible however to formulate some fundamental processes 
that must occur in all smoking and to discuss in qualitative terms the effect of 
such processes upon the products. 

All smoking involves the smouldering (slow, incomplete combustion at a 
velatively low temperature) of the material aided by intermittent currents of 
air drawn through by the smoker. The smoke drawn in by the smoker during 
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TaBLE II.—Polycyclic Hydrocarbons from Tobacco Constituents 
(in micrograms per 100 grams at 650° C.) 
Malic Citric Oxalix 
Cellulose Lignin Pectin Starch Sucrose Glucose Fructose acid acid acid 
20 50 15 


Acenaphthylene . 
287 173 


Fluorene 
Anthracene 
Pyrene 
Fluoranthene 
3-Methylpyrene * 
1 : 2-Benzanthra- 
cene 
1 : 2-Benzpyrene . 
3:4Benzpyrene . 
Anthanthrene 
Coronene 


lise 


Notes : 

* This compound may be another alkyl pyrene. 

The compounds azulene, naphthalene, an alkyl naphthalene, acenaphthene, phenanthrene and 
perylene were also found and determined in some of the products. 


these periods (the main-stream smoke) is the material upon which most interest 
is focussed. The side stream smoke rising from the hot material during quiescent 
periods has been neglected by most investigators. The fundamental processes 
involved are combustion, distillation, steam distillation, thermal decomposition 
and its sequences. 

(i) Combustion of organic material is most complete at elevated temperatures. 
It is only partial in smoking (low temperatures) conditions ; that is, unused 
oxygen from the air passes into the mainstream smoke and carbon monoxide 
also is present as well as the complete combustion products carbon dioxide and 
water. It should be noted that some carbon dioxide originates from 
decarboxylation reactions. 

(ii) Distillation proceeds in the close proxi:uity of the glowing “coal”. The 
high temperature volatilizes compounds of appropriate boiling point from tobacco 
adjacent to the coal and many of these re-condense on cooler material a short 
distance further from the hot zone. The temperature gradient is very steep 
(Harlow, 1956). Upon suction such compounds will be re-volatilized in hot 
gases from the air current and will again partially condense. Successive distil- 
lations of this kind result in a certain fractionation of the volatile materials. 
A further aspect of the slow distillation during quiescent periods and rapid 
volatilization of distilled products on suction is the accumulation of the volatile 
materials of rather higher molecular weight in the residual tobacco (stubs and 
dottles). 

(iii) Steam distillation is brought about by the volatilization of the moisture 
of the tobacco as well as by the steam produced as a product of combustion. 
The current of steam carries volatile compounds into the mainstream smoke 
with considerable facility, at temperatures below 100° C. Thus substances 
which in dry conditions would decompose upon heating may be carried unchanged 
into the mainstream smoke. Distillation and steam distillation inevitably 
proceed at the same time. 

(iv) Thermal decomposition occurs in the smoking process with a very large 
number of compounds when they become heated to sufficiently high temperatures. 
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Mostly the less volatile and the almost non-volatile compounds will undergo 
thermal decomposition and the products will pass into the mainstream smoke. 
“ree radicals are almost certainly formed at this stage and then combine together 
or with other compounds to produce new compounds. Within this classification 
nust be included reactions that are often called pyrolytic regardless of etymology, 
‘hat is the synthetic reactions consequent upon true pyrolysis. And it is probably 
-uch reactions that give rise to the polycyclic aromatic hydrocarbons. 

The first conclusion to be drawn from the experimental results is that all 
‘he substances examined (totalling in quantity to 61-9 per cent of an average 
cigarette tobacco) give rise to considerable quantities of polycyciic hydrocarbons 
upon thermal decomposition. The amounts, calculated in proportion to the 
percentage of each constituent would, if produced in the same quantities in 
smoking, give rise to much greater amounts (of the order of 10 times) than are 
actually found in smoke. Larger quantities are to be expected because no 
-ombustion occurs in the thermal decomposition experiments. It may therefore 
be concluded that the smoking process is responsible for the reduction of the 
uantities that are produced in the thermal reactions alone. 

This, a plausible conclusion, is in harmony with the findings of Lyons (1955) 
who showed that 3: 4-benzpyrene when added to cigarettes is only partially 
recovered from the smoke. It should be noted that some of the tobacco con- 
-tituents are destroyed by combustion before they can be decomposed thermally. 

The production of these compounds from tobacco constituents is also in 
harmony with the experiments of Roffo (1939) who showed that the tar obtained 
hy the dry distillation of tobacco contained 3 : 4-benzpyrene and was carcinogenic 
and also with our own experiments upon tobacco and sawdust of quercus japonica, 
which when heated to 650° C. gave rise to a series of polycyclic aromatic 
hydrocarbons. These experiments also recall those of Kennaway (1924, 1925) 
in which many organic substances heated to a high temperature produced 
carcinogenic tars. 

One may draw the simple general conclusions that organic substances usually 
give polycyclic aromatic hydrocarbons when heated to red heat and that if 
combustion processes are partial only, these compounds will persist in the product. 
They are inevitable constituents of smokes. 

Other pyrolytic processes which have been described recently should be 
mentioned in connection with this discussion. The paraffin hydrocarbons 
which are well known constituents of tobacco have been heated to 800° C. (Lam, 
1955) who recognized 3: 4-benzpyrene, 1 : 2-benzpyrene, naphthalene, pyrene 
and anthracene in the products. A considerable number of low molecular weight 
compounds have been shown to be present in the gaseous phase of cigarette 
smoke (Adamek, Hobbs and Osborne, 1956) and of these several, e.g. methane, 
ethylene and acetylene, are known to polymerize readily to give polycyclic 
hydrocarbons, of which they could well be the precursors, in the smoking process. 


SUMMARY 


A number of the majer constituents of cured tobacco has been subjected to 
thermal decomposition at 650° C. in the absence of air. In the neutral fraction 
of the decomposition products polycyclic aromatic hydrocarbons have been 
detected and determined by the methods already developed for the analysis of 
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tobacco smoke. The quantities are much greater than are found in the smoke 
from equivalent quantities of tobacco. It is concluded that thermal decom- 
position is in large measure responsible for the presence of these compounds 
in tobacco smoke and that, since they originate from major constituents of the 
tobacco, they are likely to be present in all smoke whatever pre-treatment is 
given to the tobacco. 


The authors acknowledge the provision of chemicals by Imperial Chemical 
Industries Ltd. and gifts of specimens of lignin from Dr. F. Y. Henderson of the 
Forest Products Research Laboratory, Department of Scientific and Industrial 
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Association. They also thank the Medical Research Council for supporting the 
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In a previous communication (Clemo, Miller and Pybus, 1955) it was suggested 
‘hat the epidermis of C57BL mice was more susceptible than that of Strain A 
mice to the carcinogenic action of fractions of city smoke applied percutaneously. 
A survey of the literature shows some disagreement on the relative merits of 
various inbred strains for skin tests for carcinogenicity. Thus, C57BL mice were 
more susceptible than Strain A (Branch, 1936) or C3H mice (Lauridsen and Eggers, 
1943) to dibenzanthracene, but less susceptible than C57Br to methylcholanthrene 
(Mider and Morton, 1940), less susceptible than Swiss mice to cigarette tar (Wynder, 
Graham and Croninger, 1955) and less susceptible than Strain A to diesel 
exhaust products (Kotin, Falk and Thomas, 1955). Poel and Kammer (1954) 
found Strain C57BL to be the most susceptible of 3 strains to the percutaneous 
application of benzanthracene. Andervont and Edgecomb (1956) reported that 
their strain of C57BL mice was the most resistant of 7 inbred strains to the 
percutaneous application of methylcholanthrene and also was the only one to show 
deleterious effects ; they also found that the appearance of the skin lesion was 
characteristic for each strain. The relative responses probably depend on the carci- 
nogen used and its strength, and on the particular sub-strain tested. 

A further experiment has now confirmed that in this laboratory the C57BL 
mice are more susceptible than Strain A to skin carcinogens. It had already 
been shown that fraction C from city smoke (Clemo, 1953) was quite strongly 
carcinogenic (Clemo, Miller and Pybus, 1955) and that the second fraction obtained 
from diesel exhaust fumes was very weakly carcinogenic (Miller and Pybus, 1955) 
when painted on the skin of mice. So it was decided to combine the two fractions 
to discover whether there was any co-carcinogenic action. As this was one of a 
series of pilot experiments designed merely to test for the presence or absence of 
carcinogens, only a small number of mice was concerned. 


MATERIALS AND METHODS 


Nine mice of Strain A (7 females and 2 males) and 10 of Strain C57BL (3 
females and 7 males) were painted in the interscapular region with a benzene 
solution of fraction C plus the diesel fraction, a 1-0 per cent solution of each 
substance. The hair was not shaved and the solution was applied with 2 strokes 
of a No. 4 brush, 3 times weekly ; treatment was begun when the mice were 4 
to 8 weeks old and was continued until death. The mice were killed when the 
tumours were judged to have become malignant. All apparently malignant and 
most apparently benign tumours were taken for histological examination. 
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The C57BL mice belonged to the eighth inbred generation (in this laboratory) 
of the C57BL/How strain, and the Strain A mice belonged to the A/Gr, (F,) and 
A,G (F,) strains ; no difference in the reactions of the two substrains of Strain A 
was detected. Comparison was made with the six C57BL/How (F;) females 
painted with a 1-0 per cent solution of fraction C in the test already described 
(Clemo, Miller and Pybus, 1955). 

A tumour was judged to be malignant when the cells were infiltrating through 
the panniculus carnosus ; in a number of cases where the tumour cells had not 
reached this muscle, although other signs of malignancy were present, the tumours 
were classed as “‘ probably malignant ”’. 


RESULTS 


Four C57BL males died of an intestinal infection after 6-5 to 7-0 months’ 
treatment, before the earliest papilloma appeared, and are not included in the 
results. All but two of the Strain A mice died of pneumonia or kidney disease 
before their tumours had grown to any size, whereas all but two of the C57BL 
mice were killed on account of large malignant tumours. Only 3 strain A mice 
(No. 6, 7 and 9, Table I) had moderately large tumours and in only one of these 
(No. 7) did the tumour grow rapidly ; 4 of the C57BL mice had large tumours 
and only 2 had small skin tumours (No. 11, which died, and No. 14, which had to 
be killed on account of an osteogenic sarcoma of the spine which was obstructing 
the colon). Histological examination showed, however, that mere size was no 
criterion of malignancy. 


TaBLE I.—The Response of Strain C57BL and Strain A Mice to the Percutaneous 
Appliation of Fraction C (from City Smoke) plus a Diesel Smoke Fraction 


Latent period of 

earliest papilloma Number of Duration of Mouse 

(months) papillomata treatment (months) killed 

Sex Individual Mean Maximum Mean Individual Mean died 

1 


— 


C57BL . 


11-8. 


* = one papilloma regressed. 


The individual results are presented in Table I. The mean latent period for the 
development of the earliest papillomata was 11°6 months in Strain A and 9°3 months 
in Strain C57BL; this difference was significant (d= 2:3, 20,= 2°19). The 
average number of papillomata per mouse was 1°9 in Strain A and 3:2 in C57BL, 
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wain a significant difference (d = 1-3, 20, = 0-28). In each strain one papil- 
joma regressed. The mean duration of treatment was 13-3 months in Strain A 
and 11-8 months in C57BL, and this time the difference was not significant 
(d = 1-5, 20, = 1-95). Most of the Strain A mice died from causes other than 
their tumours ; had they lived until the tumours were as large as those in the 
C57BL mice, the difference in duration of treatment might have become significant, 
but, as it turned out, some of the Strain A tumours, although small, were already 
malignant. 

The final results, from the histological examination, showed (Table II) that 
there were 5 malignant tumours, one probably malignant, and 10 benign papil- 
lomata in Strain A; one of the malignant tumours was a spindle-celled sarcoma 
(No. 1) and another (No. 9) a mixed sarcoma-epithelioma, the others being 
squamous epitheliomata. In Strain C57BL there were 4 malignant tumours 
(all squamous epitheliomata), 7 probably malignant, and 7 benign papillomata ; 
mouse No. 13 had a lung metastasis. When the final figures were compared it was 
found that the proportions of malignant tumours in the 2 strains were in agreement ; 
this was also the case when the “ probably malignant ”’ were included with the 
malignant tumours. 


TaBLe II.—A Comparison of the of Strain C57BL and Strain A Mice to 
the Percutaneous Application of Fraction C (City Smoke), Fractions C plus Diesel, 
and Fraction B (City Smoke) 


Mean Final result 
latent at death 
period of Total Mean Mean 
No. of mice earliest No. of No. of duration of Probably 
Tested strain papilloma papillo- papillo- treatment Malig- Malig- Be- 
fraction and sex (months) mata mata (months) nant nant nign 
Cc . 6 C57BL F. OF « 2-7 13-0 . 7 3 
Cplus . 6C57BLF.&M.. 93 . 19 « Be. 7 7 
Diesel 9A F.&M 11-6 . #617 1 10 
B 4C57BL M 9-9 . 18 13-0 2 3 9 
6A 95 . 138 2-2 11-2 1 3 7 
regressed. 


esced to 3 in one mouse. 


These results show that papillomata appeared earlier and in greater numbers in 
C57BL mice than in Strain A mice, and that the resulting malignant tumours 
reached a greater size in C57BL mice, but that the same proportion of papillomata 
became malignant in the two strains. It cannot be stated from this experiment 
whether the tumours became malignant more rapidly in one strain or the other ; 
possibly, if some of the C57BL tumours had been sectioned earlier, they would have 
been found to be already malignant at a size comparable with those in Strain A. 
In both strains papillomata appeared earlier in the males than in the females. 
In Strain A this difference was significant (d = 3-7, 20, = 1-6) but in Strain 
‘S7BL it was not (d = 2-1, 20, = 3-2). Duration of treatment was longer in 
females than in males in both strains (i.e. the females lived longer), but in neither 
‘train was the difference significant (in Strain A d = 3-2, 20, = 3-6; in Strain 
C57BL, d = 2-1, 204 = 2-4). 
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A total of 17 lung adenomata appeared in the 9 Strain A mice (mean number 
per mouse = 1-9) and none in C57BL ; one lung nodule in the latter strain proved 
to be a metastasis from a skin epithelioma. 

Owing to the definite strain difference, only the C57BL mice in this test could 
be compared with the 6 C57BL mice from the earlier experiment treated with 
fraction C only. The latter were 4 months old when first painted but, as shown in 
Table II, the average latent period for papillomata (8-7 months) was the same as 
in the mice treated with both fractions (9-3 months) (d = 0-6, 20, = 2-1); the 
mean number of papillomata per mouse (2-7 with fraction C, 3-2 with fraction C 
plus diesel) was the same in the two groups ; and the proportion of total tumours 
becoming malignant was also the same (50-0 per cent in those painted with fraction 
C only, 22-2 per cent in those painted with C plus diesel, d = 27-8, 2 S.E. = 33-1), 
as was the proportion obtained when the “ probably malignant ” were added to 
the malignant (71-4 per cent with fraction C, 61-1 per cent with C plus diesel, 
d = 10-3, 2 S.E. = 33-3). When fraction C and the diesel extract were combined 
there was, therefore, no enhancement of the carcinogenic effect due to fraction C 
alone. 

In the previous communication (Clemo, Miller and Pybus, 1955) the results 
were presented in the form of a presence-or-absence of skin response to carcino- 
genic action, and the degree of response was not taken into account. Interesting 
comparative results are shown in Tables II and III where the numbers of papil- 
lomata are recorded for individual mice of the same two strains, A and C57BL, 
treated with fraction B in that experiment. The C57BL/Gr males were 2-5 months 
old and the Strain A females were 4-5 months old when treatment began. The 
mean latent period for the earliest papilloma was the same for the two strains, 
9-9 and 9-5 months respectively. The mean number of skin papillomata per mouse 
was 4-5 in the C57BL mice and 2-2 in Strain A, a significant difference (d = 2-3, 
20, = 2-2). The duration of treatment was significantly less in Strain A than in 
the C57BL mice (d = 1-8, 20, = 1-6) because, whereas the C57BL mice all 
developed large tumours before they died or were killed, the Strain A mice all 
died of the kidney disease characteristic of the strain while their tumours were 


TaBLe III.—The Response of Strain C57BL and Strain A Mice to the Percutaneous 
Application of Fraction B (from City Smoke) 
Latent period of 


earliest papilloma Number of Duration of treatment 
(months) papillomata (months) 


| 
Individual Mean 
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quite small. Nevertheless the proportions of tumours which became malignant 
were the same in the two strains. as were the proportions when the “ probably 
malignant ” tumours were added to the malignant. This bears out what has been 
stated above, that tumour size is no criterion of malignancy. The 6 Strain A 
mice developed 14 lung adenomata, but only one appeared in the 4 C57BL mice. 

When the results obtained on C57BL mice with fraction B were compared 
with those obtained with fraction C (Table II), the mean latent periods were 
not significantly different, and the average numbers of papillomata per mouse 
were the same (4-5 for fraction B and 2-7 for fraction C, but d = 1-8 and 20, = 2-7). 
rhe duration of treatment was also the same, but more of the tumours produced by 
fraction C became malignant (50 per cent compared with 14-3 per cent; d= 
35°7, 2 S.E.= 32-6) and the proportion was still significantly higher when the 
probably malignant ” were added to the malignant tumours (71-4 per cent, 
compared with 35-7 per cent ; d = 35-7, 2 S.E.= 35-2). Therefore it is concluded 
that fraction C is more strongly carcinogenic than fraction B. 


DISCUSSION 


Recently Poel (1957) has reported that more metastases occurred in female 
mice than in males of Strain C57 Leaden, when painted with 3,4-benzpyrene, 
and that, although the latent period for the development of papillomata was the 
same in the two sexes, malignant tumours developed more quickly from the 
papillomata in females and the final carcinomata were larger in the females. 
Using stock “‘S ” mice painted with 9,10-dimethyl-1,2-benzanthracene and croton 
oil, Salaman and Roe (1956) obtained many more papillomata in males than in 
females, but the incidence of malignant tumours was the same in the two sexes. 
Andervont and Edgecomb (1956) found a sex-difference in the response of most of 
the 7 strains painted with methylcholanthrene but, whereas in Strain I the males 
were more susceptible, in Strain C57BL the females had a higher incidence of 
papillomata. 

In the present test of fraction C plus diesel extract, where the numbers of mice 
were so small, there was no definite sex-difference in response within a strain 
except in one respect, namely that in Strain A the mean latent period for papil- 
lomata was less in the males than in the females. There was no significant difference 
between C57BL males and females in this respect, and otherwise, as regards the 
mean numbers of papillomata, the duration of treatment and the proportions of 
papillomata which became malignant, the two sexes of one strain showed the same 
response. 

It has been shown by many workers in this field that sex-differences and strain- 
differences, which might not be apparent when higher doses are employed, can 
be demonstrated by the use of minimal doses of known carcinogens, or by sub- 
minimal doses and the use of croton oil or some other promoting agent. Working 
with unknown carcinogens of unknown concentration, it is just chance if such 
differences can be demonstrated. 

Apart from the four C57BL mice which died early of an infection, the mice of 
this strain looked in far better health, especially in the later stages of the experi- 
ment, than did the Strain A mice. This is in contrast to the condition of the 
C57BL mice in the experiment of Andervont and Edgcomb (1956), where this was 
the only strain to show deleterious effects. 
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The present experiments show that when sensitivity of the skin to carcinogenic 
action was judged by the mean number of papillomata produced per mouse and 
by their mean latent period, C57BL mice were more responsive than Strain A 
mice to carcinogenic substances present in chemical fractions obtained from city 
smoke. But the proportion of these tumours which became malignant was the 
same in the two strains when application of the fractions was continued until 
death. It is obvious that by that time the total dose received by each individual 
had long surpassed the minimal threshold dose and the strain differences had 
been overcome. 

Although the numbers of mice used in these tests were so small, the results are 
conclusive, and are being borne out by further tests (not reported here) which 


are not yet completed. 


SUMMARY 


Skin papillomata appeared earlier and in greater numbers in C57BL mice 
than in Strain A mice when chemical fractions obtained from city smoke were 
applied percutaneously. The two strains also differed in the size and appearance 
of the lesions. There was no evidence of a co-carcinogenic action when fraction C 
(from city smoke) and a diesel smoke fraction were applied together. 


This work was carried out with the aid of a grant to one of the authors 
(E. W. M.) from the North of England Council of the British Empire Cancer Cam- 


paign. 
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Recent work has suggested that loss of antigens occurs in some forms of 
ieoplasia (Weiler, 1956) and, according to one theory (Green, 1954), may even 
be the essential mechanism by which malignant transformation is brought about. 

It seems pertinent, therefore, to outline as far as possible the frequency and 
extent of this change. For this purpose the A and B “ blood group” antigens 
as possessed by the human urinary tract epithelium form a useful system. 

The cells, both normal and neoplastic, can be easily grouped by the mixed 
erythrocyte epithelial cell agglutination test—hereafter referred to as the MCA 
test—of Coombs, Bedford and Rouillard (1956) without interference from mucus, 
keratin or stroma ; and there occurs in the bladder a series of tumours ranging 
from the benign to the highly malignant. 

Twenty-five tumours in patients of groups A, B and AB have been studied by 
the MCA test reinforced in five cases by a simple antibody inhibition technique. 


METHODS 


Epithelial cells unmixed with other tissues can be obtained from the bladder, 
ureter or renal pelvis by the simple expedient of scraping. The cells so removed are 
mixed in Tyrode’s solution with the aid of a syringe and wide bore needle until 
all the clumps are broken up. In the case of tumours it may be possible to scrape 
enough cells off the surface ; or the most peripheral parts of the tumour, which 
contain negligible amounts of stroma, may be snipped off with scissors. Tumours 
with much necrosis, infection or round-cell infiltration were excluded from the 
series, although the presence of a few non-tumour cells in the suspension (up to 
10 per cent) was allowed. 

For both agglutination and antibody-inhibition tests a cell concentration of 
10,000/c. mm. is aimed at. The cells are counted in a Fuchs-Rosenthal chamber, 
preferably under phase-contrast, and the necessary adjustments are made. From 
normal tissues a high degree of accuracy can be obtained, but with tumour cells 
a tendency to disintegration of the cells reduces the precision. 

The MCA test technique is that described by Coombs, Bedford and Rouillard 
(1956), the only difference being the use of human AB serum in place of their 
inactivated rabbit serum. Routine grouping sera were used undiluted in the 
ratio of one drop of cell suspension to three of serum to ensure excess of the latter. 

For inhibition tests comparison with normal cells is desirable. Controls must 
also include the use of heterologous serum, e.g. # against A cells, to determine 
the degree of non-specific adsorption. The results are only valid when the sus- 
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pension contains little or no cell debris—a limitation which does not apply to the 
agglutination test. 


RESULTS 


Normal epithelial cells from the urinary tract react in the MCA test strongly 
and uniformly provided that an excess of antibody is present and that proper 
mixing isensured. An occasional free cell may sometimes be seen but these seldom 
constitute more than 2 per cent of the total. Possibly they are stray mesenchymal 
cells. When the technique was first tried the cells were trypsinised for one hour 
and good results were obtained. Subsequent study has shown that this procedure 
is unnecessary. 


TaBLE I.—Details of 25 Tumours Studied by the MCA Test 


Histology 
Deviation 
from normal 


Cellular 
Struc- _ pleo- Agglu- 
Case Group _ Tissue tested ture morphism Spread tination Remarks, etc. 
1. A . Bladder primary . + + . Submucosaonly . +++ . Same tumour re- 
(biopsy) examined at six 
weeks interval. 
Bladder primary . . Submucosa only . +++ . Normal mucosa 
(cystectomy) also tested. 
A, . Bladder primary . Muscle + 
(biopsy) Lymphatics — 
- Pleural metastases, . - Widespread. + __. Inhibition < 2.- 
fluid aspirate metastases fold. Near-dip- 
loid tumour. 
. Bladder primary. . Submucosa only. = —- 
(cystectomy) 
Inguinal node... ? Isolated meta- . 
secondary from stasis 2 yrs. 
bladder after removal 
of primary 
. Bladder primary . . Muscle + 
(biopsy) Lymphatics — 
. Bladder primary . . Submucosa only . 
(biopsy) 
. Bladder primary . . Submucosa only . . Inhibition 4-fold 
(cystectomy) Normal mucosa 
also tested. 
. Bladder primary . Muscle + 
(biopsy) Lymphatics — 
Bladder primary . . Submucosa only . Normal mucosa 
(biopsy) also tested. 
. Carcinoma of renal . . Very early infil- . - Normal mucosa 
pelvis tration of re- also tested. 
(nephrectomy) nal medulla 
Bladder primary . Muscle + 
(biopsy) Lymphatics — 
A, . Bladder primary . . Submucosa only . - Inhibition ec. 2- 
(biopsy and fold. Biopsy 
partial cystectomy) and cystectomy 
specimens gave 
identical results. 
Bladder primary . Muscle + 
(biopsy) Lymphatics — 
A. Bladder primary . Wall of bladder, . — 
(autopsy) pelvic nodes 
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the 
- pleo- Agglu- 
om Case Group _ Tissue tested ture morphism Spread tination § Remarks, etc. 
mal 17. A, . Bladder primary . + . Muscle + 
jour (cystectomy) Lymphatics — 
lure 18. A _ . Pelvic metastasis . +++ . Widespread in . Inhibition nil. 
from bladder pelvis Normal mucosa 
(autopsy) also tested. See 
Table II. 
19. A, . Bladder primary . +++ +++ . Lymphatis+ . ++ . _ 
(biopsy) Muscle — 
20. A, . Bladder primary . + . Submucosaonly . +++ . 
(biopsy) 
21. B_. Bladder primary . +++ Muscle + . Normal mucosa 
(cystectomy) Lymphatics + also tested. 
22. B_ . Hepatic metastasis. +++ +++ . Widespread in. — . Inhibition nil. 
from bladder pelvis and liver 
(autopsy) 
23. B . Bladder primary . ++ ++ . Muscle + ++. 
re- (cystectomy) Lymphatics — 
Six 24 . A,B . Bladder primary . + . Submucosa only .A+++. 
al. (biopsy) B+++ 
osa 25 . A,B . Bladder primary . ++ ++ . Muscle + - A+(+). — 
(biopsy) Lymphatics + B+++ 
Controls— 
A(12)) Epithelium from. — . - ++4 . Inhibition tests: 
2- B(6) renal pelvis, A(4) c. 4- 
lip- AB(2) ureters and B(2) fold. 
bladder 
Structure: Well-differentiated _ Cytology : Isomorphic 
Poorly-differentiated ++ Slightly pleomorphic ++ 
Anaplastic +44 Markedly pleomorphic +++ 
+ 
a Whenever possible normal cells from patients with tumours have been tested 
along with the tumour cells but for a variety of reasons this could not often be 
sa done. In operation specimens, for example, it may be difficult to obtain enough 
normal cells without stromal contaminants or without a proportion of malignant 
cells which may be infiltrating the submucosa. 
In fact in only six cases could a valid comparison be made. From all of these 
a the normal cells gave a +-+-+ or 90-100 per cent reaction whereas in three of 
ny the six (Cases 11, 18 and 22) the tumour cell agglutination was reduced or absent. 
“4 Inhibition tests with normal cells again give uniform and consistent results. 


Thus with a cell concentration of 10,000/c. mm. to which is added an equal volume 
of homologous serum in dilutions up to 1/128 there is normally an 8-fold inhibition. 
Non-specific adsorption, however, occurs to account for an inhibiting effect of 
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slightly under 2-fold so that the net specific adsorption is in the region of 4-fold 
(Table II). This has been demonstrated in six cases, four of group A and two 


of group B. 


TaBLeE I1.—Correlation of MCA Test and Antibody Adsorption test. 
Negative Result in Latter Test Indicates Adsorption. 


Autopsy (4 hours post mortem) samples of normal ureteric epithelium and 
secondary deposit of anaplastic bladder carcinoma in pelvis (Case 18). 
Blood Group A. 

Ureteric suspension : 9600 cells/c. mm. 

Tumour suspension : c. 9000 cells/e. mm. Accurate counting impossible. 


Agglutination test 
Ureter 
A cells. B cells, 
+++(100%) 


Antibody adsorption test 


In five tumour suspensions subjected to inhibition tests it appeared, not 
altogether expectedly, that loss of inhibiting activity ran parallel to loss of 
agglutinability. 

Histologically an attempt was made to divide the tumours into three grades of 
malignancy on two separate criteria, one of structural deviation from the normal 
and one of cellular irregularity or pleomorphism. With two exceptions these 
were found to give the same grading. In one case (Case 4), where cells were 
obtained by aspiration of pleural fluid, a chromosome analysis was performed 
using the Feulgen squash technique of Ford and Hamerton (1956). Thirty cells 
counted to an accuracy of + 3 contained 40-50 chromosomes and some of these 
were more definitely near the middle of this range. In other words there was no 
polyploidy, as was already suggested by the uniformity of the non-mitotic cell 
nuclei. 

In using the agglutination technique the degree of agglutination was at first 
indicated by a simple system based on numbers of + signs. Subsequently 
counts of agglutinated and unagglutinated cells have been performed where possible 
for the sake of greater precision. Negative and strongly positive (+++ or > 90 
per cent) results can be taken as reasonably accurate. Intermediate results have 
shown some variability (+ 20 per cent) although often there was surprising con- 
sistency, e.g. Case 14 where both biopsy and subsequent cystectomy specimens 
showed almost exactly 50 per cent agglutination. 


Tumour 
— A cells. B cells. 
Anti-A Anti-B 
a dilution Control Ureter Tumour Control Ureter Tumour 
Neat +++ ++ +++ +++ +++ +++ 
1/4 . +++ ++ +++ ++ ++ 
1/8 . ++ + . +++ ++ ++ 
16. + ++ w + 


fold 
two 
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Agglutination of individual cells does not appear to be an all-or-none pheno- 
menon. Weak positive reactions usually include some completely agglutinated 
cells but also many cells with a reduced complement of adherent erythrocytes and 


a correspondingly large area of free surface. 

In only one of the negative results has there been complete absence of 
agglutination. In the other four occasional agglutinated cells, about 1-2 per 
cent, were noted. It would be easy to ascribe these to artefact were it not that 
they do not occur in any of the control tubes. Inclusion of a few normal cells is 
unlikely as great care was taken to sample the most central part of the primary 
tumour surface. Furthermore they were present in suspensions from metastases. 


DISCUSSION 


An analysis of the results as presented in Table I reveals an approximate 
inverse relationship between the degree of agglutination and the malignancy of 
the tumour as judged both by microscopy and by the extent of infiltration or 
metastasis (Table ITT). 


TaBLE III.—Relation of MCA Test to Structure and Spread of Bladder Carcinomata 


Agglutination 

Submucosa only 0 

Spread Lymphatics and/or bladder 1 musculature 34 44 3 
Metastases . 1 2 
Well-differentiated 6 5 l 

Histology < Poorly-differentiated . 1} 34 1 
Anaplastic . 2 2 3 


If anything the correlation with tumour-spread is the closer of the two. 
Thus no tumour limited to the submucosa gave a negative agglutination reaction 
and only one metastasis gave a strongly positive result. This was a deposit in 
an inguinal lymph node occurring some two years after removal of the primary 
vesical carcinoma, there being no other evidence of recurrence. On the other 
hand one well-differentiated tumour was totally unagglutinable while two 
anaplastic pleomorphic growths retained normal reactions. 

It would seem from the inhibition tests that the negative results were due to 
inability of the malignant cells to adsorb antibody rather than to failure at a 
later stage of the agglutination procedure, e.g. inhibition of adsorbed antibody 
or detachment of loosely bound antibody during washing. It remains to explain 
this phenomenon. 

It is possible but unlikely that there is actual loss of the genes responsible for 
A and B antigens due to some chromosomal rearrangement in the tumour cells. 
In favour of this explanation is the behaviour of one of the AB tumours in which 
a definite distinction was apparent between the A and B reactions. On the other 
hand two of the pleomorphic tumours, which might be expected to give rise to 
chromosome-deficient cells, gave normal reactions. Possibly they arose in subjects 
homozygous for the A gene. A stronger argument against the hypothesis of 
gene-loss lies in the gradation of reduced agglutinability not so much in cell 
populations as in individual cells. Genic loss should produce an all-or-none 
effect which, as has been noted, does not occur. 
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Alternatively and more probably there occurs some general change in the 
surface of the cell which masks the A and B antigens. In support of this view 
one may quote a variety of related phenomena. Irregularity of the surface as 
viewed by electron microscopy (Coman and Anderson, 1955) a deficiency in the 
capacity to bind calcium (Dunham, Nichols and Brunschwig, 1946; de Long, 
Coman, and Zeidman, 1950), decreased adherence (McCutcheon, Coman and, 
Moore, 1948), absence of contact inhibition (Abercrombie and Heaysman, 1953, 
1954) and accelerated electrophoretic mobility (Ambrose, James and Lowick, 
1956) have all been demonstrated. However the fundamental change underlying 
these has not yet been elucidated, and it remains to be shown whether any or all 
of them run parallel to the apparent changes in antigen-content. 

The observations here presented may also be relevant to the problem of anti- 
body-resistance in tumours. It seems probable that antigens are not entirely 
lost by tumour cells since they remain demonstrable to a greater or lesser degree 
in a proportion. Many cells on the other hand might be able to resist the effects 
of antibody owing to reduced adsorption at their surface. 

On a more practical plane it may be that the method described will give 
useful information relating to the malignancy of the tumour and the probabliity 
of infiltration. A drawback here is the immunity of group O cells to antibodies 
that are easily available. Eel serum anti-H, for example, is ineffective in the test. 


SUMMARY 


The epithelium of the human urinary tract contains A and B antigens which are 
easily demonstrable by the MCA test. 

Tumours arising from this epithelium may fail to exhibit these antigens. 
The implications of this are discussed. 


I am indebted to Mr. D. M. Wallace for providing material for this study and 
to Mrs. A. de Villiers for technical assistance. 


REFERENCES 


ABERCROMBIE, M. AnD HeEaysman, J. E. M.—(1953) Exp. Cell. Res., 5, 111.—(1954) 
Ibid., 5, 293. 

AmprosE, E. J., James, A. M. anp Lowick, J. H. B.—(1956) Nature, 177, 576. 

Coman, D. R. anp AnpErson, T. F.—(1955) Cancer Res., 15, 541. 

Coomss, R. R. A., BEprorp, D. anp Rovuriiarp, L. M.—(1956) Lancet, i, 461 

DunuaM, L. T., S. anpD Brunscuwie, A.—(1946) Cancer Res., 6, 233. 

Forp, C. E. anp Hamerton, J. L.—(1956) Stain Tech., 31, 247. 

GREEN, H. N.—(1954) Brit. med. J., ii, 1374. 

DE Lone, R. P., Coman, D. R. anp Zerpman, I.—(1950) Cancer, 3, 718. 

McCurcueon, M., Coman, D. R. anp Moorz, F. B.—(1948) Jbid., 1, 460. 

Weer, E.—(1956) T. Naturforsch., 11B, 31—(1956) Brit. J. Cancer, 10, 553, 560. 


| 
fer 
4 


ens. 


and 


54) 


SPONTANEOUS CARCINOMA OF THE GLANDULAR STOMACH IN 
RATTUS (MASTOMYS) NATALENSIS, AN AFRICAN RODENT 


A. G. OETTLE* 


From the South African Institute for Medical Research, Hospital Street, 
Johannesburg, South Africa 


* Lady Cade Memorial Fellow, National Cancer Association of South Africa. 


Received for publication July 16, 1957 


In February 1954, Mr. D. H. 8. Davis of the Union Health Department Plague 
Research Laboratory at this Institute asked me to investigate the causes of 
death in his colony of multimammate mice (Rattus (Mastomys) natalensis, A. Smith 
1834, syn. Mastomys coucha) (Fig. 1). A previous life history study of this species 
(Oliff, 1953) had not led us to expect any unusual susceptibility to spontaneous 
tumours, and it was therefore surprising to find a carcinoma of the glandular 
stomach in the first necropsy, on a female between one and two years of age. 
Subsequent investigations have shown that cancer of the stomach is remark- 
ably frequent in this colony (Oettlé, 1955), although otherwise one of the rarest 
tumours in the lower animals (Slye, Holmes and Wells, 1917; Teutschlaender, 
1920; Stewart, 1953): in man it is usually a common cancer and in certain 
countries may account for more than 50 per cent of all malignant diseases (Willis, 
1948). As regards laboratory rodents, Bullock and Curtis (1930) recorded 9 
gastric sarcomas and one adenocarcinoma of the stomach in 33,000 necropsies on 
rats, while in over 142,000 mice of the Slye stock dying from natural causes, 
Wells, Slye and Holmes (1938) found 8 squamous carcinomas, 1 squamous papil- 
loma, 2 adenocarcinomas, 2 adenomas and 1 sarcoma affecting the stomach. (I 
have omitted one adenocarcinoma diagnosed in Peromyscus in this series.) Cancer 
of the stomach has been noted in captive wild rodents by Ratcliffe (1933) who 
reported 3 adenocarcinomas of the “ pylorus ”’, (i.e., presumably, the glandular 
stomach) in Japanese waltzing mice, Mus wagneri rotans, now known as Mus 
musculus molissinus, according to Ellerman and Morrison Scott (1951). Ratcliffe 
unfortunately omitted to mention how many necropsies were performed on this 
particular species, but in the 67 Muridae examined the number of waltzing mice 
could not have exceeded 61. In Mastomys, however, spontaneous adenocarcinoma 
of the glandular stomach has been detected in over 40 per cent of animals dying 
from natural causes in our colony, and its susceptibility to this tumour appears 
to be unparalleled. 


MATERIALS AND METHODS 
The colony 

Rattus (Mastomys) natalensis is a rodent intermediate in many respects between 
a mouse and a rat: its common name, “the multimammate mouse ” assigns it 
to the smaller, its scientific name Rattus natalensis to the larger genus. It has a 
number of unique anatomical features in addition, however, and it is probably 
more reasonable to regard it as belonging to a distinct subgenus Mastomys, and 
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this term will be employed throughout this paper. Adults weigh between 40 and 
80 g., occasionally exceeding the latter figure, and a few males attain weights 
over 100 g. A more detailed description of this species and our colony will be 
published elsewhere. 

When my observations commenced the Johannesburg stock, which started 
with 17 pairs of wild captives, had passed through about ten generations in the 
laboratory without deliberate inbreeding. Since 1946 there have been no wild 
additions to the breeding stock. Oliff (1953) calculated the life-table of the females 
in this stock: in his study, carcinoma of the stomach is not mentioned among 
the causes of death, but complete necropsies were not performed at that time 
(Davis, personal communication). 

The colony has been maintained under the same conditions as other rat and 
mouse colonies at this Institute. Cages are of galvanised iron, lined with sawdust, 
and measuring either 6 x 6 x 12 in. (15 x 15 x 30 cm.) or 6 Xx 18 x 18 in. 
(15 x 45 x 45cm.) The temperature of the animal house is maintained thermo- 
statically at 72-76 F. (22-24-5 C.) but may rise above this in summer. The 
standard laboratory diet for small rodents consists of commercial cubes and water 
ad lib. with fresh carrot thrice weekly. The composition of the cubes has been 
modified slightly during the life of the colony, e.g. up to October 1953, 10 Ib. of 
cod-liver oil was employed per batch of cubes in place of the 1 Ib. of vitamin A 
powder employed at present. The mixture is made in 5 ton (1116 kg.) batches, 
and is probably subject to minor batch variations, although each batch is ana- 
lysed for its content of essential nutrients by the South African Bureau of 
Standards. The composition with a representative analysis of one of these 
batches is given in Table I. 


TaBLE I.—Composition of Food Pellets 


Ingredients— 
Fish meal 
Yellow mealie meal, i.e. maize meal . 
Bran . ‘ 
Carcass meal . 
Ground oats . 
Monkey-nut meal, i.e. groundnut, peanut . 
Lucerne meal, i.e. alfalfa 
Yeast extract 
Molasses ‘ 
Common salt 
Limestone (ground Umzimkulu marble chips) 
Synthetic Vitamin A : 
Powder (80,000 i.u./gm.) 


10,141 Ib. 


Representative analysis of one batch— 
Protein 

Fibre 

Fat 

Ash ‘ 
Calcium 

Phosphorus 
Moisture 
Carbohydrate (by difference) 
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Pathological technique 

As soon as possible after a death is discovered, the abdomen is opened and 
sufficient 10 per cent formalin injected into the lumen of the stomach to produce 
gentle distension. The duodenum and oesophagus are not ligated. A complete 
necropsy is then performed, and all viscera are examined, with the exception of 
the spinal cord. For the most part only those organs showing macroscopic evidence 
of disease are taken for histological study. Tissues are usually fixed in 10 per cent 
neutral formalin-saline (4 per cent formaldehyde), and the stomach when excised 
is also immersed in fixative. 

Paraffin sections are cut at 4 ~ and stained with haematoxylin and eosin, or, 
when necessary, with picro-Mallory, periodic acid-Schiff, Gomori’s aldehyde 
fuchsin, phosphotungstic acid-haematoxylin, toluidine blue, or Gordon and 
Sweet’s modification for silver impregnation of reticulin. 

Necropsies are carried out on all but the most putrid carcasses: in a very 
small proportion the corpses had been eaten by cage-mates or putrefaction was 
so advanced that examination seemed unprofitable, and the cadaver was excluded 
from the series. In addition to animals dying from natural causes, cases of un- 
natural and accidental deaths have also been examined, but have been omitted 


from the tables. 


Clinical studies 

Cancer of the stomach has been detected in some animals during life by the 
demonstration of occult blood in the faecal pellets with the benzidine and amido- 
pyrine tests, but a moxe direct and reliable method is that of regular abdominal 
palpation. At present this has required light general anaesthesia on account of 
the wildness of this species. A group over 1 year of age was chosen, and a fraction 
of these was examined every week. Where tumours were suspected or diagnosed 
the individual was re-examined at weekly intervals until death. 

Anaesthesia was induced by pumping air with a Higginson’s syringe through a 
wash-bottle containing ether into a standard filter funnel of clear glass, 44 in. in 
diameter, under which the animal is trapped. 

At first a number of anaesthetic deaths occurred, which have been attributed 
to formation of peroxides in old anaesthetic ether stored in clear glass bottles 
with large air spaces. With smaller dark bottles, containing a roll of fine copper 
mesh, these accidents have been much rarer, although old ether is still employed. 

A more extensive discussion of the problems of handling this animal is to be 
published. 


OBSERVATIONS 


Malignant tumours were encountered in more than half of the deaths from 
natural causes. Carcinoma of the stomach (Fig. 2) was the commonest, but other 
tumours included thymoma, adrenal cortical adenoma, thyroid carcinoma, 
rhabdomyosarcoma, angiomatous meningioma, acanthoma of skin and vagina 
(some of these were malignant), breast carcinoma, malignant hepatoma, and 
haemangiomas. Only the carcinomas of the stomach will be dealt with here. 


Normal Anatomy and Physiology of the Stomach 


The stomach closely resembles that of the mouse as described by Fekete (1941). 
In wild specimens the fore-stomach represents about two-thirds of the total 
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gastric mucosa, and is usually filled with the fibrous vegetable matter of the diet 
but in the laboratory stock used in this investigation, on a diet of greatly reduced 
fibre content, the fore-stomach is considerably smaller and contributes about 
one-third of the area (Fig. 2, 3, 4 and 5). A “ cardiac antrum ”’ is present. The 
glandular stomach comprises a proximal region of fundic glands, and a distal 
region of pyloric glands, distributed as in the mouse, while at the limiting ridge 
the fundic glands are replaced by two or three rows of cardiac glands, as described 
by Bensley (1902) in the rat. 

In the contracted stomach the mucosa forms longitudinal ridges which are 
especially prominent along the greater curve. 

Microscopically the extent of the fundic glands along the lesser curve is variable 
though always considerably less than that along the greater curve. The surface 
cells resemble those of the rat, and stain intensely with mucicarmine, periodic 
acid-Schiff (Fig. 15) and aldehyde-fuchsin. They are metachromatic with toluidine 
blue, but this is abolished with alcohol: the metachromasia can be preserved 
somewhat patchily by taking the dried section direct to xylene before mounting. 
In Mastomys, mucous neck cells stain very faintly with all mucin methods and 
their light pink, foamy cytoplasm in periodic acid-Schiff preparations is charac- 
teristic (Fig. 15). Both forms of mucin are argyrophilic with the reticulin method 
employed after periodic acid oxidation (Fig. 17). 

A systematic investigation of gastric secretory activity has yet to be under- 
taken, but preliminary investigations of gastric secretion collected by the Shay 
technique of pyloro-ligature, revealed the presence of free acid. In a normal 
animal, e.g., 17-6 milliequivalents of free acid per litre with 54-3 milliequivalents 
of total acid per litre were demonstrated (Freed, unpublished observations). 


Presumptive evidence was obtained for the presence of normal amounts of 
intrinsic factor in four animals, two normal but for gastric hairballs, and two 
had gastric carcinomas. These animals absorbed from 52 to 65 per cent of an oral 
dose of 0-0025 yg. of radioactive vitamin B,,. Similar amounts are absorbed by 
normal rats (Booth, Chanarin, Anderson and Mollin, 1957). 


Pathological Observations 

Precancerous changes 

In the vicinity of almost all gastric tumours, as well as in certain stomachs 
without detectable carcinoma, the mucosa of the fundic region shows a charac- 
teristic type of mucosal hyperplasia (Fig. 12, 13, 14, 15), which in Mastomys 
appears to be precancerous. This type of hyperplastic change is the only patho- 
logical change in some stomachs, in others is found in association with the earliest 
intramucosal stages of carcinoma in situ, as well as accompanying florid carcinoma. 

These changes are similar to the precancerous alterations in the jejunal mucosa 
of mice fed emulsions of carcinogenic hydrocarbons (Stewart, 1953) and are not 
unlike the gastric adenomatous lesions described by Stewart and Andervont (1938) 
and Andervont (1939, 1949) in mice of Strain I, and by Hare and Stewart (1956) 
in mice of Strain DBA. The spontaneous gastric adenomatous lesions of these 
mouse strains differ from those of Mastomys, however, in that the lesions in mice 
are not precancerous, affect males earlier than females, are detectable in all mice 
above a certain age, and are symmetrical. 
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TaBLE II.—Association of Precancerous Changes with 
Carcinoma of the Stomach 


Mucosal hyperplasia 


Present 


Without cancer of the stomach :* 


Males . 8 61 
Females ‘ 10 59 
Total . 18 (13%) 120 
With cancer of the stomach : 
Males . ‘ 35 2 
Females ‘ 60 1 
Total . 95 (97%) “St 


* Stomachs which were macroscopically normal were not always sectioned, so that submacroscopic 
lesions would have been missed. 

+ In these the section taken was unsuitable for demonstration of precancerous changes. In two 
it was remote from the primary neoplasm. In the third was a small snip from a specimen preserved 
for mounting. What little mucosa was present revealed slight hyperplasia. 


In Mastomys the macroscopic appearances vary both in degree and in distri- 
bution, and four types can be distinguished. 

(a) Prominence of rugae.—In these stomachs there is hypertrophy of the 
longitudinal rugae of the mucosa (Fig. 6) which persists even though the stomach 
be distended. Superficial erosions and gastric haemorrhages are not uncommon, 
and if present provide strong macroscopic evidence of mucosal hyperplasia. 

(b) Nodularity—Focal hypertrophy may produce irregular mucosal modules, 
sometimes within the longitudinal folds, but often completely isolated from one 
another by mucosa which appears normal both macroscopically and microscopic- 
ally. Sometimes only one or two nodules may be present in an otherwise healthy 
stomach 

(c) Cobblestone mucosa.—In rare instances nodular hyperplastic changes are 
diffuse, regular and unrelated to the natural folds of the mucosa, which is covered 
with multiple small elevations (Fig. 7). 

(d) Polyps.—True gastric polyps are rare, and represent a further development 
of isolated nodularity. The polyps have a pedicle which contains a core of sub- 
mucosa, like their counterparts in human pathology. 

All these changes are minimal along the lesser curve. Acute erosions with 
bleeding occur in all forms of the lesion but chronic peptic ulceration has not 
been observed. 

External evidence of the presence of mucosal hyperplasia may be present as 
prominent stellate veins beneath the serosa, with a suggestion of crazy-paving 
in their demarcation of the areas of muscularis externa. This appearance is also 
commonly found in cases of carcinoma. When the mucosal hyperplasia is pro- 
nounced increased thickness of the gastric wall is detectable on palpation, as 
Stewart (1941) has noted in the adenomatous lesion of Strain I mice. 

Microscopically, epithelial changes predominate, and interstitial cellular 
infiltration is not common in the mucosa (Fig. 13). In the underlying submucosa 
foci of lymphocytes are often detectable, usually at the base of a mucosal fold. 
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The surface cells are taller and the cytoplasm is more basiphilic than normal 
(Fig. 13). Secretory activity is minimal, although some show a distinct theca. 
The nuclei lie at different levels, which produces a pseudostratified appearance 
(Fig. 14). The secreted mucin, when present, retains its normal intensity of staining 
(Fig. 15). As a result of proliferation of the surface cells cyst-like dilatations of 
the gastric foveolae may be a striking feature, as well as bleb-like elevations of 
the superficial epithelium over an oedematous tunica propria. 

In the gastric glands there is an increase in mucous neck cells (Fig. 15), which 
extend into the depths, where normally they are never encountered. This produces 
striking alterations in the proportions of the cell types in the gastric mucosa. 
Parietal and zymogenic cells are occasionally found among the abundance of 
mucous neck cells, and in addition one sometimes encounters areas of undiffer- 
entiated cells with acidophilic cytoplasm, resembling those of the gastric carcinoma 
(and therefore regarded as carcinoma in situ). An increased number of mitotic 
figures is noticeable in the isthmic regions (Fig. 14), and branching of the gastric 
glands is very prominent (Fig. 16, 17). 

These are features of hyperplasia of the gastric epithelium, in which prolifera- 
tion occurs in surface and mucous neck cells (Bensley, 1928). This concept is 
supported by Stevens and Leblond (1953), who, using colchicine methods, con- 
cluded that in the gastric epithelium, “‘ with very rare exceptions, mitoses were 
confined to the two mucus-secreting types of cells ” (p. 237). These authors dis- 
tinguished two areas in which mitosis takes place, namely the deeper part of the 
isthmus, in which surface cells are dividing, and the neck region, in which mucous 
neck cell divisions are found. In Mastomys, hyperplasia may affect one or other 
of these regions and cell types predominantly, which results in an overgrowth of 
foveolar or glandular elements. 


Other hyperplastic conditions 

(a) Mucosal extension into the submucosa.—In Mastomys, as in other rodents 
suffering from hypertrophic gastric changes, one occasionally finds regions where 
gastric foveoli and associated glands have invaded the submucosa. These regions 
are sometimes surrounded by muscularis mucosae, but usually this is incomplete, 
and may not be detectable at all. Such downgrowths are not explicable on 
obliquity of section, since this would result in increased thickness of all layers, 
whereas the glandular tissue is reduced about such foveolae, and the epithelium 
is predominantly of surface type. This locally invasive condition is similar to that 
described by Stewart (1941) and by Hare and Stewart (1956), and as no transi- 
tional stages have been found between this and gastric carcinoma, it does not 
appear to be premalignant in Mastomys. 

(b) Hyperplasia of cardiac glands.—Minor degrees of hypertrophy are sometimes 
detected in the cardiac glands, which may be increased in number, or irregular, 
dilated and branching. This seems to be associated with hyperkeratosis of the 
limiting ridge of the fore-stomach, and does not invariably accompany hyperplasia 
of the fundic glands nor does it appear to be precancerous. 

(c) Hyperkeratosis of the fore-stomach.—This condition is frequently observed 
and is apparently benign, since malignant degeneration with the development of 
squamous carcinoma of the fore-stomach has not been observed. The incidence 
of hyperkeratosis increases until the second year, when approximately one in 
every two stomachs displays it in some form. It tends to be commoner in males 
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than in females, and in animals with stomach cancer. There is no obvious 
relationship with the stage of the cancer, so the association of the two conditions, 
if real, appears to be indirect. 

Hyperkeratosis may affect different regions of the fore-stomach and the 
following pathological varieties can be distinguished : 


(i) Hyperkeratosis of the limiting ridge.—This region of the fore-stomach 
shows varying degree of thickening (Fig. 2, 6, 7, 11), up to about 5 mm., 
being scalloped, or occasionally having claw-like projections, and may 
overhang the glandular mucosa. This thickening sometimes extends on to 
the cardiac antrum (Fig. 2, 7). 

(ii) Horn cysts —These are encountered less frequently, a few milli- 
metres from the limiting ridge, in the form of flask-like invasions of the 
submucosa, and are filled with squamous, keratinised material (Fig. 11). 
They are distinctly visible from the serosal aspect, as rounded white 
elevations 3 or 4 mm. in diameter. 

(iti) Diffuse hyperkeratosis of the fore-stomach.—In these cases there is 
patchy heaping up of the horny layers of the epithelium in loose masses 
up to 5 mm. in thickness. The texture is far looser than that noted at the 
limiting ridge. 

(iv) Hyperkeratosis of the fundus.—In these instances the fundus, which 
is usually contracted, is filled with loose layers of keratin (Fig. 6) up to 
10 mm. in thickness. This condition is frequently associated with penetra- 
tion by ingested hairs, which can be found projecting from the keratin 
mass, and also lying beneath the epithelium in the tunica propria. It 
appears that Mastomys swallows large amounts of hair, which in the 
starving animals may fill the otherwise empty stomach. 


(d) Diverticulosis of the fore-stomach.—In one three-year-old male, a diverti- 
culum measuring 9 x 7 X 4 mm. was present in the fore-stomach. This diverti- 
culum was not associated with malignant change, although the lesion was mis- 
diagnosed clinically as a gastric carcinoma. 

(e) Atrophic gastritis and intestinal metaplasia.—The frequent association of 
atrophis gastritis (Comfort, 1951) and intestinal metaplasia (Morson, 1955) with 
human gastric carcinoma has often been noted. Atrophic changes have been met 
in regions of submucosal invasion, as observed earlier, but are not a striking 
feature in Mastomys. It may be worth remarking that as the atrophic changes of 
the human stomach affect gastric glands essentially, they do not preclude hyper- 
plastic changes more superficially (Palmer, 1954). In this respect the difference 
between the precancerous condition in Mastomys and that in man is not necessarily 
of great significance. 

Intestinal metaplasia, on the other hand, has not been observed in Mastomys. 


Carcinoma of the glandular stomach 


(a) Macroscopic appearance.—In many cases the earlier stages of this tumour 
wwe macroscopically indistinguishable from mucosal hyperplasia, and consist of a 
series of irregular nodules of varying sizes in the gastric mucosa, with minimal 
alteration in the serosa or submucosa (Fig. 4). 

In most instances, however, submucosal nodules are clearly distinguishable 
‘Fig. 2, 4, 7, 11), usually near the greater curvature and often extending on to 
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the ventral or dorsal gastric walls or both. The nodule may expand into the lumen 
with little or no sign of its presence externally, or it may produce a thick hard 
disc of tumour, which is seen externally as a distinct depression (Fig. 2). Multiple 
nodules may coalesce in a cauliflower-like growth (Fig. 7) that may obstruct the 
lumen. 


EXPLANATION OF PLATES 


Fie. 1.—Adult Mastomys : the size is intermediate between rat and mouse. 

Fic. 2.—Ventral half, showing small, contracted fore-stomach, with hyperkeratosis of the 
limiting ridge and cardiac antrum. An indentation externally on the greater curve indicates 
the site of a cauliflower growth here. Another growth occurs on the ventral wall, and also 
on the dorsal wall (not shown). Superficial haemorrhages are present. (C1480.) 

Fic. 3.—Internal aspect of stomach showing a large perforation on the ventral aspect near 
the greater curve, in the centre of a disc of tumour. Haemorrhagic areas are present. 
There is a minor degree of hyperkeratosis of the limiting ridge. (C1347.) 

Fic. 4.—The internal aspect of the dorsal half of this stomach shows hyperkeratosis of the 
limiting ridge, and the major portion of the glandular stomach along the greater curve is 
filled with diffuse tumour growth, almost completely obstructing the pyloric antrum, into 
which it bulges. (C828.) 

Fic. 5.—External aspect of the perforation depicted in Fig. 3. 

Fie. 6.—Fundal hyperkeratosis of the fore-stomach, with a few embedded hairs, prominence 
of longitudinal rugae in mucosa, and diffuse adenocarcinoma of the pyloric region with 
haemorrhage. (C894.) 

Fic. 7.—Cobblestone mucosal hyperpiasia with erosion in the ventral half of the stomach 
(middle specimen) and cauliflower growth on the dorsal wall in the fundic gland area (lower 
specimen). Mild hyperkeratosis of the limiting ridge and cardiac antrum is seen in both. 
The upper specimen is an enlarged portal lymph node. This tumour provided the successful 
brain implant. (C1416.) 

Fic. 8.—Thoracic organs : a large thymoma is present above the heart, and multiple subpleural 
secondary nodules of a separate gastric carcinoma are visible in both lungs. (C490.) 

Fic. 9.—Left dorso-lateral aspect of liver showing multiple solid metastases in the lateral, 
central and right upper lobes. (C1519.) 

Fic. 10.—Brain showing in a cyst-space a large tumour implant ventral to the left lateral 
ventricle. (C1550.) 

Fic. 11.—Fore-stomach with hyperkeratosis of the limitin ridge and three horn cysts. A 
large subserosal tumour and a smaller submucosal growth is evident. Necrosis of the 
mucosa is evident at the junction of these. Haemalum-eosin. x 4. 

Fic. 12.—Section through perforation through a submucosal tumour which had infiltrated the 
serosa. An overlying mucosal hyperplasia with erosion is evident. Haemalum-eosin. 
x 13. 

Fic. 13.—Region of mucosal hyperplasia affecting gastric foveolae predominantly. (C169.) 
Haemalum-eosin. x 80. 

Fic. 14.—Hyperplastic epithelium of foveola showing pseudostratification, mitotic figures, 
basiphilia and retention of secretory activity on the left side, as evidenced by the antra of 
the surface cells. Haemalum-eosin. x 375. 

Fic. 15.—Region of isthmus in area of hyperplasia, showing mucin staining of antra in the 
foveola, and much paler mucin in mucus neck cells, which fill the tubules, apart from 
occasional parietal cells. Haemalum-periodic acid-Schiff. x 300. 

Fic. 16.—Undifferentiated carcinoma with mitotic figures. Haemalum-eosin. x 375. 

Fic. 17.—Reticulin framework of relatively undifferentiated growth. Mucin content of spaces 
in the tumour cords and nuclei have also been impregnated. Periodic acid-silver impregna- 
tion. xX 75. 

Fic. 18.—Portal lymph node containing an adenocarcinomatous metastasis from a stomach 
tumour. Haemalum-eosin. x 75. 

Fie. 19. —— of submucosa by adenocarcinoma with escape of mucin. Haemalum- 
eosin. 75. 

Fic. 20. Solid cords of undifferentiated carcinoma within pulmonary arteries. Haemalum- 
eosin. x 95. 

Fic. 21.—Implant into brain, demonstrating the scanty reticulin stroma, and that the multi- 
nucleate mucin-containing giant cells lie in spaces within the cords of undifferentiated 
tumour. (C1550.) Periodic acid-silver. x 300. 
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Less commonly the neoplasm spreads diffusely within the submucosa, and 
this thickening may extend widely over the stomach wall (Fig. 4), or be confined 
to the pyloric region (Fig. 6). 

(b) Histology.—The majority of these tumours are undifferentiated carcinomas 
(Fig. 16) with minimal mucus secretion. The simple epithelial arrangement of the 
gastric glands is lost, and solid cords of strikingly uniform polyhedral cells are 
produced. These cells have a moderate amount of cytoplasm, with a little affinity 
for stains as a rule, though rarely the cytoplasm is eosinophilic. Occasional poly- 
ploid nuclei are detectable : mitotic figures are usually scanty. 

The cells form fine and coarse radiciform* masses, with a minimal amount of 
stroma, consisting of reticulin (Fig. 17) with scanty elastin fibres. A variable 
number of blood vessels is present ; occasionally the tumour is highly vascular. 

The larger islets of tumour often possess central clefts containing a colloid 
substance that reacts with varying intensities to mucin stains (Fig. 17). The 
cells surrounding these clefts are usually undifferentiated, show no orientation 
and possess neither the antra of the surface cells nor the foamy intracytoplasmic 
mucin of the mucous neck cells. Sometimes P.A.S. positive granules are detect- 
able in the adjoining cytoplasm. The space may also contain varying amounts 
of blood : phagocytosis of the blood cells has not been observed. 

In fewer than 10 per cent of the tumours (Table III) a more highly differen- 
tiated type of growth is encountered (Fig. 18, 19). Most of these well differentiated 
adenocarcinomas consist of tubules lined by a simple epithelium, that generally 
does not secrete mucin. In one stance, where the tumour arose in the pyloric 


TaBLE III.—Degree of Differentiation in Stomach Carcinomas 
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Counting cases with multiple tumours of different degrees of differentiation as separate growths 
there were 9 well differentiated tumours to 104 undifferentiated, i.e., 8 per cent. 


* The term “ radiciform ” is suggested to describe solid invasive cords of growth, whether these 
be coarse or fine. The coarse pattern corresponds to that usually described as “alveolar” by 
pathologists. This term is already employed in anatomy and histology to describe a socket or empty 
space, as in the jaw or lung, and its etymologically invalid pathological application to solid islets or 
columns of carcinoma can only be maintained in the absence of a suitable synonym. I have chosen 
the term “ radiciform ”’ in preference to the more elegant “ radicular ” as the latter possesses other 
anatomical and pathological connotations. 


29 


= 

if 
pe 

With 

cee in years U mucin Total 
é 

Unknown . ° 7 

— 

Total . . 61 

98 
4 
|_| 


424 A. G. OETTLE 


region of the stomach, abundant secretion was produced, resulting in an adeno- 
carcinoma with escape of mucin—the so-called “ colloid, mucoid or gelatinous ” 
carcinoma (Fig. 19)* 

(c) Site and multiplicity of origin.—In all but two cases the tumours have 
been situated in the region of fundic glands. Mucosal hyperplasia has been 
demonstrable in the adjacent fundic glands in almost all, including the two instances 
where the tumour itself lay within the region of pyloric glands. For tumours of 
the fundic gland area, the lesser curve and its immediate neighbourhood are 
involved in precancerous and cancerous changes far less frequently than the 
greater curve. 

Multiple nodules of carcinoma are often found in the mucosa, and it seems 
probable that in many instances these are the result of multicentric areas of 
neoplastic change. This opinion is based on the following arguments : 


(i) The precancerous changes of mucosal hyperplasia are not diffuse as 
a rule, but are themselves often multicentric and the affected areas are 
separated by regions of histologically normal mucosa. 

(ii) The carcinomas may appear to be multicentric in the earliest intra- 
mucosal stages, and in the absence of demonstrable lymphatic invasion. 
(It is not contested that lymphatic spread accounts for some of the multiple 
nodules of growth in the stomach wall ; in fact, lymphatic permeation by 
carcinoma is often demonstrable in the vessels along the mucosal aspect 
of the muscularis mucosae, and may be associated with mucosal nodules 
of tumour beneath the squamous stratified epithelium of the fore-stomach 
where the possibility of a primary origin is out of the question.) 

(iii) In rare instances different histological appearances can be detected 
in adjoining tumours, and these differences persist in the metastases. In 
one animal the stomach revealed three tumours with different degrees of 
differentiation ; two had metastasized to the portal lymph node, where 
the two different patterns coexisted. 

(iv) Finally, the high incidence of this tumour in this species makes it 
probable that, unless the first growth prevents subsequent neoplastic change, 
multiple separate areas of malignant change would be found in many 
stomachs bearing cancers. 


(d) Mode of spread 

(i) Infiltrative growth.—From the site of origin in continuity with gastric 
glands, the tumour extends as solid cords which rapidly break out of their 
reticulin and elastin sheaths and infiltrate the mucosal tunica propria. 
The tumour may spread along the internal aspect of the muscularis mucosae 
by lymphatic permeation. 

Penetration of the muscularis mucosae occurs early, and growth occurs 
in the submucosa where nodules may expand to 1 cm. in diameter before 
further spread is detectable (Fig. 26). Invasion continues into the con- 


* A suitable descriptive term for this growth pattern is needed. “‘ Colloid ”’ is better reserved for 
the secretion in the thyroid follicle and for substances of similar appearance ; “ gelatinous ”’, though 
graphic enough as a macroscopic description, is biochemically misleading ; “‘ mucoid ”’ is not suffi- 
ciently precise, since mucinous substances within tumour may be of both stromal and parenchymal 
origin, and in the latter case may lie within cells, within glandular lumina or parenchymal spaces, 
or have escaped from their parenchymal enclosures. 
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tiguous regions. As a rule the muscularis externa is invaded by fine 
radiciform extensions between the muscle bundles, or the tumour may 
take a line of lesser resistance and burst through a gap in the muscularis 
externa at a point of entry of the blood vessels. Occasionally the growth 
extends proximally into the fore-stomach, or distally into the wall of the 
pyloric region (Fig. 11). 

(ii) Metastasis.—Metastatic distribution follows both lymphatic and 
haemic routes, apparently with equal frequency, and often both are 
demonstrable in the same animal (Table IV). 


TaBLE IV.—Distribution of Metastases in Stage 4 


Carcinoma of the Stomach 
Situation of metastases Males Females Total 

4a: Regional lymph nodes 4 10 14 
Liver . 6 5 ll 
Regional lymph nodes and liver 7 8 15 
Total at stage 4a . 17 23 40 

4b: Regional and remote nodes . 0 1 1 
Regional nodes and lung . 0 1 l 
Regional nodes, liver and remote haemic . 1 1 2 
Liver and remote haemic . . 0 4 4 
Remote haemic ° 0 1 1 
Total at stage 4b . 1 8 9 

Total with lymphatic metastases 12 21 33 

Total with haemic metastases 14 20 34 


Lymphatic spread normally involves the portal lymph node first, 
though in one instance a single unnamed node on the lesser curvature was 
affected. The portal lymph node may enlarge to more than | cm. in dia- 
meter (Fig. 7). Subsequent spread involves the mediastinal nodes. 

Haemic spread may antedate lymphatic distribution, and, in all but 
two cases, haemic secondary growths have involved the liver (Fig. 9). In 
the early stages of their development, the tumour cells can be detected in 
the vicinity of the portal tracts, although occasionally the cells appear to 
be trapped in the mid-zonal region of the liver lobules. Metastases next 
appear in the lung (Fig. 8) where their intravascular situation is usually 
obvious (Fig. 20), and may be associated with an angiitis carcinomatosum. 
Others have been found in pancreas, spleen, diaphragm, uterus and adrenal. 
That they have not as yet been detected in sites other than these is partly 
attributable to the number of cases available for study, and partly to the 
early onset of fatal complications from the primary neoplasm. 

As a rule the cellular differentiation seen in the metastatic growth 
corresponds to that of the primary tumour, but sometimes an adenoid 
pattern is seen in the metastasis which is not detectable in the primary 
site. This has been particularly noteworthy in lymph node or splenic 
metastases. Very often the secondary growths show a much greater degree 
of secretion into the tissue clefts, so that multiple cysts may be present 
that bear no macroscopic resemblance to the primary growth. Haemorrhage 
frequently takes place into these cysts. 
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(e) Complications 
(i) From the primary growth 

1. Erosion and ulceration. Massive necrosis of the mucosa overlying 
nodules of tumour is frequently observed and is followed by erosion or 
ulceration. The necrotic tissue is often bile stained. 

2. Haemorrhage. During life occult blood can be demonstrated in 
the stools of certain animals later shown to be suffering from carcinoma 
of the stomach. Severer degrees of haemorrhage (Fig. 6) give rise to 
anaemia, melaena and death. 

3. Perforation. This usually occurs into the greater sac (Fig. 3, 5) 
though occasionally the lesser sac is involved. The resulting peritonitis 
is generally fatal, although in one instance prolapse of the tumour into 
into the perforation sealed the leakage. Perforation appears to follow 
necrosis of a nodule of tumour that has involved the serosa (Fig. 12), 
so that it occurs in the later stages of the disease, and in 8 out of 9 cases, 
metastases were already present. There is no predilection for sex or age. 

4. Partial gastric obstruction by extensive growths has been ob- 
served (Fig. 4, 6), and the animal then dies of starvation or is put to 
death. 

(ii) From secondary growths.—Ascites, haemorrhage and pleural effu- 
sions result from secondary growths in liver and lungs. Jaundice, remark- 
ably enough, has not been observed, in spite of extensive metastases in 
the liver. 

(iii) Unexplained perforation of the duodenum.—In four cases with 
carcinoma of the stomach, death was caused by peritonitis following acute 
perforation of the duodenum. The lesion followed acute necrosis of portion 
of the wall of the duodenum or first part of the jejunum, and the perfora- 
tion produced a defect up to 5 mm. in diameter. Evidence of local invasion 
by tumour was not detected, but the possibility of infarction by a blood- 
borne metastasis cannot be excluded. In three of these cases blood-borne 
metastases were present in the liver (in two the portal lymph node was 
also involved) but in the remaining instance tumour was found in the 
gastric submucosa only. 

Chronic duodenal ulceration has not been observed. 


Experimental implantation of tumour 

Homologous and heterologous implants into, subcutaneous, caudal and intra- 
peritoneal sites have been unsuccessful, but one homologous brain implant has 
grown and is undergoing its third passage. 

The specimen in this case was obtained from a female Mastomys aged 2 years 
and 41 days, killed accidentally with ether. The stomach (Fig. 7) revealed multiple 
submucosal precancerous nodules with a large tumour on the greater curvature 
and dorsal wall extending from the limiting ridge to the pyloric antrum. Nodules 
of tumour lay beneath the fore-stomach, the portal lymph node was grossly 
enlarged (22 x 13 x 10 mm.) with metastatic growth, and multiple metastases 
were present in the liver. 

A small wedge of this tumour was cut up, and fragments were loaded into 
needles and planted into the left parietal region of eight weanling Mastomys. One 
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of these, a female, suffered retardation of growth, and on the 225th day after 
implantation was seen to be ill. The coat was staring, and there was a tendency 
to turn.to the left—a symptom encountered previously in mice with haemorrhage 
into this implantation site. The next day there was a tendency to throw somer- 
saults over the left shoulder. The animal was killed with ether on the 228th day, 
and in the left parietal region a tumour approximately 6 mm. in diameter was 
found, lying in a cyst-like cavity of somewhat larger size (Fig. 10) containing 
cerebro-spinal fluid. The tumour was pinkish, of soft fibrous consistency, and 
showed no evidence of necrosis or haemorrhage. The original wound in the cortex 
gaped slightly over this growth. 

Histologically this tumour consisted of an undifferentiated carcinoma, of 
coarse radiciform growth, with many mucin-containing spaces, essentially similar 
to the parent tumour. A unique feature of this implanted growth, however, was 
the presence within parenchymal spaces of many large, multinucleate and poly- 
ploid tumour cells, some of which contained mucin (Fig. 21). A very scanty reti- 
culin stroma was present, with many blood vessels derived from the cyst wall 
which was composed of brain substance, not ventricle. 

The fact that these implants took seven to eight months to produce symptoms 
may explain the previous failures, as experiments were seldom followed for more 
than six months. 


Incidence of this tumour 


The malignancy of this tumour of the glandular stomach seems to be indis- 
putable, as it metastasizes freely and has grown in homologous brain implant— 
a feature which Greene (1951) has considered to represent a late stage in malignant 
progression. It seems unnecessary therefore to insist on Stewart’s strict criterion 
for the diagnosis of a gastric malignant tumour in experimental animals, namely 
that it should have reached the serosa. In experimental animals, just as in human 
diagnostic pathology, when the behaviour of a new growth is sufficiently well 
known, and its cytological changes are unequivocal, much more slender evidence 
of malignant behaviour may be acceptable. Even the demonstration of the 
characteristic cellular modification may be sufficient, as in the exfoliative cyto- 
diagnosis of cancer. 

In this study a diagnosis of carcinoma of the stomach has been made when the 
characteristic tumour was demonstrable in the submucosa. Cases have been classi- 
fied according to pathological stages however, so that if more stringent criteria 
be demanded the material can be reclassified by the reader. 

The following stages have been adopted : 


Stage 0. Carcinoma in situ: tumour confined to the mucosa. 
,, 1. Carcinoma in mucosal lymphatics or in the submucosa. (To date, 
permeation of mucosal lymphatics has not been found in the 
absence of submucosal invasion.) 

2. Carcinoma in muscularis propria, fore-stomach or duodenum. 

,, 3. Carcinoma in the serosa or subserosal connective tissue. 

4. Metastatic. 

4a. To regional lymph glands (usually the portal) of the liver. 

4b. Remoter metastases. 
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A summary of the findings is given in Table V from which it can be seen that 
cancer was present in 34 per cent of males dying from natural cuases, and in 
47 per cent of females. 

It is evident that the likelihood of developing cancer increases with age, and 
this is shown more clearly in Table VI where the figures are presented in the form 
of a life table. This is hardly exact, as the population was not a closed one, but 
the number of deaths with stomach cancer relative to the number entering the 
age group (less half the number of deaths without stomach cancer) provides a 
crude estimate of the likelihood of developing stomach cancer in any particular 
age interval. 


TaBLE VI.—Stomach Cancer Death Rates and Total Mortality Rates for Mastomys 


(natural deaths) of Known Ages 
Males 
Half. Half- Proportion 
yearly yearly of deaths 
Age With Total cancer death due to 
group Population cancer deaths rates* ratet cancer 

0- l 3 1:18% . 3-44 -33 
4- : 84 2 10 2-50 11-90 20 
1- ° 74 1 15 1-49 20-27 07 
14- ° 59 10 23 19-00 . 38-98. 
2- 36 6 15 19-04 . 41°67. -40 
3- 4 1 3 33-33 75 33 
34- 1 0 1 0 100 0 

Females 

0- 109 0 9 0 8-25 0 

= 100 4 25 4-52 25 16 
1- 75 7 19 10-22 26 37 
1}- 55 17 25 33-33 45 68 
2- 30 18 22 64-3 73 82 
2}- 8 4 8 66-7 100 50 


* The half-yearly cancer rate is calculated on the average number available, i.e. the number at 
the commencement of the period less half the number of deaths without stomach cancer in the half- 
~~ riod, and therefore eliminates the effect of such deaths on the size of the — at risk. 

half. yearly death rate is calculated on the whole population entering the period 


The increased susceptibility of females to develop these tumours is clearly 
shown. Not only does the tumour tend to appear at an earlier age, but it also has 
a higher incidence in females, of whom so far none has reached three years of age, 
whereas 4 per cent of males exceeded this. Female Mastomys are exposed to the 
additional hazards of parturition, it may be noted (Oliff, 1953), which contributes 
largely to the high death rate in the first year. Litters in this species range from 
1 to 16 with a mean size of 8 or 9 (Brambell and Davis, 1940) and mean produc- 
tivity of 7-3, and complications, mainly haemorrhage from a retained placenta, 
are often fatal. 

In an attempt to estimate cancer prevalence as distinct from mortality with 
cancer, those animals in which death was attributable to accidental causes were 
considered. During the period of this investigation, there were 36 deaths attri- 
butable to trauma during cage changing, or anaesthetic accidents. The age was 
unknown in 5 of these (one showed a cancer) and in the remaining 31, 2 stomach 
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cancers were found. As 19 of the animals were in their first year, and none of the 
remaining 12 was over two years, the number of cancers met with in the accidental 
deaths was only very slightly lower than that expected from a similar group of 
Mastomys dying from natural causes. It is possible, therefore, that the presence 
of a cancer renders an animal more susceptible to accidental deaths, so this group 
does not provide a reliable index of cancer prevalence. 


Clinical observations on animals with stomach tumours 


To obtain fresh material for histological study and for implantation, various 
attempts were made to diagnose the condition during life. Regular inspection 
and weighing of the animals were inadequate, and only certain of the most 
advanced cases could be suspected on appearance. Systematic examination of 
faecal pellets for blood gave many positives in animals without cancer, while some 
with cancer were missed. It was found, however, that the tumours could easily 
be palpated through the abdominal wall, and, although necessitating general 
anaesthesia, this was the final method adopted. A full stomach, or a distended 
transverse colon may prove misleading at first, but it has been relatively easy to 
distinguish between the normal stomach, the thickened stomach, generally 
attributable to mucosal hyperplasia, and the nodular stomach which can be 
regarded as cancerous, with reasonable accuracy. Mistakes are sometimes made, 
e.g. when a diverticulum of the fore-stomach was mistaken for a cancer, or when 
a hairball or gross hyperkeratosis were present. Cases of doubt could be checked 
at weekly intervals, and some were subjected to laparotomy. The progress of a 
cancer from week to week can be followed, and the animal killed when it seems 


to be deteriorating. It was found that once deterioration was evident, the life 
expectancy was very brief, often only a few days. 

This is confirmed in Fig. 22 which represents the weight curve of an animal 
which was followed from birth until its death from cancer. In this case it is clear 
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Fic, 22.—Growth curves of two male Mastomys followed from weaning until death. 
Carcinoma of the stomach developed in one (continuous line). 
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that deterioration in weight was terminal, and there was no prolonged period of 
wasting before death. Although in this instance loss of weight did occur just 
before death, the weights of animals dying with stomach cancer are not markedly 
different from those of animals dying from all other causes. 


Comparison with other rodent stocks 

1. Other laboratory stocks of Mastomys derived from our colony.—Breeding stocks 
were established in Washington (Army Medical Graduate School) in 1950, and in 
London (Zoological Society of London) in 1952. From the latter, stocks have 
been distributed to various laboratories in Great Britain. Dr. A. G. Bateman of 
the Christie Hospital and Holt Radium Institute, Manchester, has told me that 
their colony of about a hundred animals was derived from one female and three 
male litter mates from the London Zoo. One gastric adenocarcinoma has been 
encountered in a female of 19 months. The pattern of spontaneous tumours 
seems somewhat different from that obtaining in our own colony, but their stock, 
although not systematically inbred, is probably genetically much more homo- 
geneous than our own. Systematic postmortems have not been carried out in 
two other colonies in Britain, namely those at the London School of Hygiene and 
Tropical Medicine, or at the Institute of Animal Genetics, Edinburgh (the latter 
colony is being maintained no longer). 

2. Wild captive Mastomys.—Approximately one hundred specimens of 
Mastomys have been collected in the region near Johannesburg from which the 
original stock was derived in 1946. Most of these animals appeared to be well 
under one year of age, and only those of 40 g. and over were examined. No cancers 
were detected, nor was there evidence of mucosal hyperplasia. 

A small group of Mastomys caught in Northern Transvaal and kept in the 
laboratory for over eight months was examined with the same result. 

It is difficult to decide what significance should be given to these findings. As 
the victims were not left to die from natural causes, the examinations could 
indicate prevalence only and not cancer mortality. The only comparable figures 
on cancer prevalence in this species (p. 429) are suspected of bias, so that it is 
difficult to state what figures would be reasonable. The animals were all young, 
and its seems unlikely that in the field many survive as long as one year, which 
opinion is supported by examination of Mastomys skulls in owl pellets (Davis, 
personal communication). A much greater number of wild specimens should be 
examined before it can be decided with confidence that this tumour does not occur 
in the wild, although the anatomical differences already noted in the stomach of 
the wild animal as compared with that of the captive may be of significance. 

In passing it may be noted that parasitic worm infestation was relatively 
common in the wild animals, and virtually non-existent in the laboratory stock. 
There is hence no similarity to the conditions obtaining in Fibiger’s material 
(Fibiger, 1920; Heim and Schwartz, 1931). 

It has been a source of surprise to some that such a high incidence of cancer 
should be encountered in a wild species unselected for cancer susceptibility. The 
‘ffect on survival of this condition would in fact probably be trivial, even assuming 
that the incidence in the wild is comparable with that in the laboratory, which 
is by no means certain. Exceedingly few animals would be affected, in view of 
the youthfulness of the natural population (cf. McCoy, 1909; Bullock and 
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Rohdenburg, 1917), and as the tumour occurs late in the reproductive life of the 
individuals concerned, its selective influence would be negligible. 


3. Other rodent species—Small numbers of other rodents kept in this laboratory 
under identical conditions have failed to show any lesions of the type described. 
These included gerbils (T'atera brantsi and 7’. afra) white tailed rats (Mystromys 
albicaudatus), and house mice (Mus musculus, var albinus, and CBA.) 


SUMMARY 


1. Carcinoma of the glandular stomach has been frequently found at death in 
a colony of Mastomys, the multimammate mouse, affecting 98 out of 236 dying 
from natural causes. 

2. This neoplasm rarely develops before 1 year, but thereafter the incidence 
increases rapidly. Females are more susceptible than males. Metastases were 
present in more than 50 per cent, and the tumour has been successfully implanted 
into brain. 

3. Mucosal hyperplasia is a precancerous condition in this species. 

4. Hyperkeratosis is frequently present in the fore-stomach, affecting the 
limiting ridge, the fundus and the remainder of the wall, or giving rise to horn 
cysts near the limiting ridge. No instances of squamous carcinoma of the fore- 
stomach have yet been observed. 

5. These tumours have not been found in wild Mastomys, nor in other species 
kept in the laboratory under identical conditions. The susceptibility appears to 
be peculiar to Mastomys, but the environmental factors responsible for the 
development of these tumours have not been demonstrated. 
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TUMOUR PROMOTION IN MOUSE SKIN BY SCLEROSING AGENTS 
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Ruscu and his colleagues (Rusch, Bosch, and Boutwell, 1955; Boutwell, 
Rusch, and Bosch, 1955 ; Boutwell, Rusch, and Booth, 1956) have reported the 
appearance of both benign and malignant tumours of the skin of mice after repeated 
applications of phenol, of a number of substituted phenols, of iodoacetic acid, and 
of croton oil. Some of these mice had received a previous single “ initiating ” 
dose (75 yg.) of 9: 10-dimethyl-1 : 2-benzanthracene (DMBA), others had not. 
They state that in the case of croton oil, pretreatment with the carcinogen was 
necessary for tumour production in one stock strain of mice, but not in another 
(Rusch et al., 1955).+ 

It was found in this laboratory (Roe, 1956) that prolonged treatment of the 
skin of mice of the “S ” strain with croton oil resulted in the appearance of a 
small number of benign tumours after a long latent period, and of occasional 
malignant tumours after a still longer period. The incidence of both types of 
tumour was much lower, and the latent period much longer, than in the case of 
the tumours recorded by Rusch and his colleagues, for their mice, treated similarly. 
Moreover, it was found here that a previous single application of DMBA enormously 
accelerated the appearance and increased the incidence or papillomata which 
followed croton oil treatment of the “S” strain, though at least half of them 
regressed after the cessation of treatment. Pretreatment with DMBA also increased 
the incidence of malignant skin tumours in the “S” strain (Roe, 1956a, 6, 
Salaman and Roe, 1956). 

To what may this discrepancy be attributed ? DMBA was applied in this 
laboratory as 0-2 ml. of a 0-15 per cent solution in acetone and allowed to spread 
all over the back. Rusch and his colleagues applied 1 drop (approximately 0-025 
ml.) of a 0-3 per cent solution of DMBA in acetone or benzene. This volume 
spreads over an area about 12 mm. in diameter. Croton oil is applied here as 
0-3 ml. of a 0°1 to 0-5 per cent solution in acetone to the whole back. The American 
workers used 1 drop of a 0-5 per cent solution in benzene or acetone. In the authors’ 
opinion it is unlikely that these differences in technique account for the different 
effects observed. It is much more likely that a difference in susceptibility of the 
strains of mice used to skin carcinogenesis is responsible. Very great differences 
in susceptibility to this type of carcinogenic treatment do in fact exist between 
different strains of mice (Rusch, Bosch, and Boutwell, 1955; Salaman, 1956). 

° iological Department, Hospi ical , London, E.1. 

incidence of tumours observed by Rusch and his colleagues in a strain of dealer’s mice treated with 
croton oil alone may have been due to initiation by a preservative used on wooden breeding boxes by 


the dealer from whom they were obtained. Boutwell, Bosch, and Rusch (1957) have investigated 
this possibility but conclude that it is unlikely to have influenced their results. 
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If this is the explanation, a similar discrepancy in the results of application of 
the phenols may be expected. 

The action of phenol on mouse skin, with and without previous treatment 
with DMBA, has been re-investigated, using “S”’ mice, a stock albino strain 
used in this laboratory for other studies on skin tumour initiation and promotion 
(e.g. Salaman and Gwynn, 1951; Salaman and Roe, 1956). Several other agents 
which have a sclerosing action similar to that of phenol have also been tested as 
promoting agents. 


MATERIALS AND METHODS 


Mice.—Stock albinos of the “S” strain (Salaman and Gwynn, 1951) were 
used. They were fed on cubes prepared according to the Rowett Institute formula 
(Thomson, 1936) plus fresh greenstuff twice a week, and water ad libitum. All 
were inoculated on the tails with vaccinial sheep lymph, as a precaution against 
ectromelia (Salaman and Tomlinson, 1957). The hair was clipped from the back 
before treatment, and at intervals again when necessary. 

Chemical agents.—9 : 10-Dimethyl-1 : 2-benzanthracene (DMBA) was obtained 
from Messrs. L. Light & Co; Phenol (analar standard) from Hopkin & Williams 
Ltd. ; Ethanolamine oleate B.P. from British Drug Houses Ltd.; Proflavine 
hemisulphate B.P. from May & Baker Ltd. Acetone (analar grade of British 
Drug Houses) was used as solvent for the DMBA, and sterile distilled water for 
the substances injected intradermally. Two parts of Carbowax 300 (obtained 
from Gemec Chemicals Co.) to 1 part of distilled water was used as solvent for 
proflavine hemisulphate applied to the skin. Solid pellets for subcutaneous 


implantation were made by suspending proflavine hemisulphate powder in melted 
paraffin wax (m.p. 55° C.), and extruding while warm to form rods approximately 
1-5 mm. diameter. 


Experiment I 

Rusch and his colleagues applied single drops (approx. 0-025 ml.) of 5, 10, and 
20 per cent phenol to the backs of mice, twice weekly. They mention that the 
highest concentration produced extensive ulceration, and some deaths due to 
phenol intoxication. 

In preliminary tests on the “S ” strain it was found that 0-025 ml. of 20 per 
cent phenol in acetone (5 mg. anhydrous phenol) applied to the skin of the back 
caused transitory toxic symptoms manifested by shivering, and local ulceration 
of the skin which took about 3 weeks to heal. It was judged inadvisable to apply 
this dose to the same site as frequently as had been done by the American 
workers. 

The application of the same dose of phenol (5 mg. anhydrous) as 0-1 ml. of a 
5 per cent solution in acetone produced the same transitory toxic symptoms, 
but no ulceration. This application spread over about.half the back, and was 
followed by light crusting only. 

As a result of these tests it was decided to apply a dose of 5 mg. phenol weekly 
in two ways: (1) 0-025 ml. 20 per cent phenol in acetone to one of four sites, left 
scapular region, right haunch, right scapular region, and left haunch, in that 
order successively, and (2) 0-1 ml. 5 per cent phenol in acetone to the anterior 
and posterior halves of the back successively. 
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Eighty male mice of the “8 ” strain were divided into 4 groups of 20, and treated 
as follows : ; 

Group 1.—0-2 ml. 0-15 per cent DMBA in acetone was applied to the 
whole back. After an interval of 3 weeks, weekly applications of 0-025 ml. 
20 per cent phenol in acetone were begun. Four sites of application (left 
scapular region, right haunch, right scapular region, left haunch) were used 
in rotation, one only being treated each week. This treatment continued 
for 24 weeks, when each site had received 6 applications at 4-weekly 
intervals. 

Group 2.—No pretreatment with DMBA was given. Twenty per cent 
phenol was applied weekly to the back, as to Group 1, for 32 weeks. 

Group 3.—-Pretreatment with DMBA was given as to Group 1. After 
3 weeks 0-1 ml. 5 per cent phenol in acetone was applied alternately to the 
anterior and posterior halves of the back every week for 32 weeks. 

Group 4.—No pretreatment with DMBA was given. Five per cent 
phenol was applied weekly to the back, as to Group 3, for 32 weeks. 


Throughout treatment the 20 per cent phenol solution continued to produce 
local ulceration, which healed just in time for the next application to the same 
site 4 weeks later, while the 5 per cent phenol solution continued to produce only 
light transient crusting, which tended to decrease as the experiment progressed. 
Mice of Group 1 were killed at the 39th week, because of poor condition and the 
presence of large tumours. Mice of the other groups were killed at the 45th week. 

Tumours began to appear on or near the treated sites in Group | after 8 appli- 
cations of 20 per cent phenol (i.e. two to each of the four sites) and rapidly increased 
in number and size. At the 37th week (10 weeks after the end of phenol treatment) 
there were 11 tumour-bearing mice out of 13 survivors, with a total of 74 tumours. 
Five histologically confirmed malignant tumours arose in this group, 3 of which 
were squamous epitheliomas, and two were of spindle-cell type. One of the latter 
metastasized to the regional lymph glands and to the lungs. 

Tumours began to appear in Group 3 after 13 weekly applications of 5 per cent 
phenol (7 to the anterior and 6 to the posterior halves of the backs). At the 37th 
week (3 weeks after the end of phenol treatment) there were 4 tumour-bearing mice 
out of 14 survivors, with a total of 9 tumours. Two histologically confirmed 
malignant tumours arose in this group : a squamous epithelioma, and a malignant 
myxosarcoma which was removed but recurred locally and on the opposite 
flank, and metastasized to the spleen. 

In Group 2 seven papillomas arose. The first appeared after 24 weekly appli- 
cations of 20 per cent phenol (6 to each site). No malignant tumours appeared. 
One mouse bore a small subcutaneous haemangioma, of a type commonly seen 
after a variety of treatments. 

In Group 4 no tumours appeared. 

No tumours arose remote from the treated areas in any of these groups (cf. 
Groups 5, 6, and 7). The course of tumour development in Groups 1, 2, and 3, 
is illustrated in Fig. 1. 

These results give qualitative confirmation to those of Rusch et al. (1955). 
Twenty per cent phenol, applied less frequently than in their experiments, to 
mice which probably have a lower susceptibility to skin carcinogenesis than theirs, 
acted powerfully as a tumour promoting agent when used after a single application 
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of DMBA. It also produced a small number of tumours when used alone. But the 
quantitative difference between these two effects was greater in our experiments 
than in theirs. 


(13) 


(18) 
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-DMBA applied to skin Period of 20%phenol applications 
Groups | and 3 


{Period of 5% phenol 
applications to Group 2 
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Fic. 1.—Tumour promotion by phenol applied to the skin. Twenty mice in each group. 


© Group 1: DMBA applied once to skin, followed by weekly applications of 20 per cent 
henol. 
@ Group 2: DMBA applied once to skin, followed by weekly applications of 5 per cent 
phenol. 
A, Group 3: Weekly applications of 20 per cent phenol only. 
Figures in brackets represent numbers of survivors. 


The carcinogenic effect of weekly applications of the highly ulcerative 20 per 
cent phenol when used alone was in fact weaker than that of the much less damaging 
0 17 per cent croton oil used alone, recorded in a recent report from this laboratory 
(Roe, 19566). The promoting effects of these two agents used after initiation with 
DMBA was quantitatively similar with respect to papilloma production, but 
phenol promoted a higher proportion of malignant tumours than croton oil. 
The weaker (5 per cent) phenol solution had significant promoting, but no demon- 
strable carcinogenic, action. We conclude that phenol, like croton oil, is a potent 
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promoter of tumour development, but a weak carcinogen, under the conditions of 
the present experiment. 

The higher concentration of phenol, as previously noted, produced frank 
ulceration followed by scarring, while the lower concentration produced slight 
and transient crusting only. Microscopic examination of skin treated with these 
solutions showed that 20 per cent phenol produces necrosis of all layers of the skin, 
with gross epidermal hyperplasia and dermal thickening for some distance around 
the ulcer; 5 per cent phenol produces destruction of the epidermis and hair follicles, 
which is repaired before the 8th day, leaving a moderately thickened epidermis 
and only slight dermal changes (Fig. 2 and 3). 

That severe injury involving all layers of the skin, and the resultant scarring 
is tumour-promoting, but that superficial injury involving the epidermis only is 
ineffective in this respect, has been suggested by Linell (1947). In considering the 
superiority of 20 per cent over 5 per cent phenol in tumour-promoting power it 
is necessary to take account of the possible role of ulceration. The local damage 
produced by 0-015 ml. of 20 per cent phenol is certainly severe, and the resultant 
scarring extensive. The application of 0-1 ml. 5 per cent phenol produces a degree 
of damage and resulting superficial crusting, with slight thickening of the fibrous 
layer of the dermis, which is often seen in mice treated with 0-1 to 0-3 per cent 
acetone solutions of croton oil. Such a slight degree of damage, it seems fairly 
certain (Linell, 1947), is not itself tumour-promoting. 

In the hope of getting experimental evidence which would help to settle this 
question, a number of substances known to produce sclerosis were injected intra- 
dermally into mice which had received one external application of DMBA to the 
skin. These substances, and their concentrations, were chosen with the object 
of producing the maximum dermal sclerosis with the minimum of damage to the 


EXPLANATION OF PLATES 


Fie. 2.—The edge of an ulcer 8 days after the application of 0-025 ml. 20 per cent phenol to the 
back of a mouse (as to Groups | and 2). 

Fic. 3.—An area of skin 8 days after the application of 0-1 ml. 5 per cent phenol (as to Groups 
3 and 4). 

Fic. 4.—Six mice of Group 1. (One application of DMBA followed by weekly applications of 
20 per cent phenol.) Several tumours are visible. 

Fic. 5.—Eight mice of Group 2. (No DMBA. Weekly applications of 20 per cent phenol.) 
The scars of ulcers, but no tumours, are visible. 

Fic. 6.—A malignant tumour from the left haunch of a mouse in Group 3, showing squamous 
epithelioma cells infiltrating between the muscle bundles of the p 8 car’ 

Fic. 7.—The edge of an ulcer 9 days after one intradermal injection 1 of 0-1 per cent proflavine 
hemisulphate (as to Groups 5 and 8). 

Fic. 8.—A mouse of Group 5. 42nd week. (One application of DMBA followed by weekly intra- 
dermal injections of 0-1 per cent proflavine hemisulphate.) A malignant tumour is visible on 
the left haunch. The right inguinal gland is enlarged, and was found to contain a metastasis 
(see Fig. 9 and 10). 

Fic. 9.—A malignant tumour from the left haunch of the mouse shown in Fig. 8, containing 
groups of squamous cells separated by bundles of spindle cells. 

~_ ha —A secondary deposit of squamous carcinoma in the right inguinal gland of the same 


Fro. wT. —A basal cell tumour from the right scapular region of a mouse in Group 6. 


Notes.—Sections. Fixed in Zenker’s fluid, stained with Eosin-Biebrich Scarlet (Salaman and 
Gwynn; 1951). 
Magnification : Fig. 2, 3, 7 x 33. 
Fig. 6, 9, 10, 11 x 180. 
For the later history of mice shown in Fig. 4 and 5, see p. 436. 
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epidermis. The injections were made through a long fine needle (50 mm. long 
and 0-6 mm. diameter) with a short bevel, which was introduced into the sub- 
cutaneous space just in front of the root of the tail, and directed to one of the 
quadrants of the back. The point was then pressed upwards so that it entered the 
dermis. When the point was correctly placed the subsequent injection caused a 
persistent bleb. 


Experiment II 
Three substances were chosen : 


Phenol.—It was clearly advisable to include phenol, not only because it had 
been used in the previous experiment, but also because it is used clinically as a 
sclerosing agent. It was found after trial that 0-1 ml. of a 0-5 per cent aqueous 
solution of phenol injected intradermally into mouse skin produced a firm and 
persistent dermal thickening, and in some cases a small ulcer, which healed in about 
10 days. 

Ethanolamine oleate—The B.P. formula which is used for the injection of 
varicose veins contains ethanolamine 0-91 g., oleic acid 4-23 g., and benzyl alcohol 
2-0 ml., per 100 ml. water. The preparation used also contained 0-1 per cent 
chlorcresol. Intradermal injection of 0-1 ml. of a 33 per cent solution of this 
preparation in water was followed by the appearance of a lesion similar to that 
produced by 0-5 per cent phenol, but with rather more ulceration, which took a 
little longer to heal. 

Proflavine.—This substance was used by McIntosh and his colleagues (1943) 
in order to produce a sclerotic nodule in the subcutaneous tissue of fowls. Rous 
sarcoma virus injected elsewhere was found to localize and induce tumours at the 
sites of injection of the proflavine. 5-Aminoacridine was also effective when used 
in this way. 0-1 ml. of 0-1 per cent proflavine hemisulphate in water injected 
intradermally into mouse skin was found to produce a lesion of about the same 
severity as 0-5 per cent phenol. 

Histological examination of the lesions produced by intradermal injections of 
these substances showed that all three produced a rapid degenerative change, 
sometimes amounting to necrosis, of a small patch of dermis and epidermis. This 
was followed by inflammatory changes in the dermis and subcutaneous tissue, 
and marked epidermal hyperplasia at the margins of the lesion, with overgrowth 
and distortion of hair follicles. At 10 days some epidermal hyperplasia and dermal 
fibrosis was seen, but in almost all cases the epidermis was continuous over the 
lesions. These changes are illustrated in Fig. 7. 

All 3 substances were injected intradermally, with and without previous appli- 
cations of DMBA, following a schedule similar to that used for the applications 
of 20 per cent phenol (see Groups 1 and 2 above). 

Six groups (5-10), each of 20 male mice of the ‘““S” strain were treated as 
follows :— 


Group 5.—0-2 ml. 0-15 per cent DMBA in acetone was applied to the 
skin of the back (as to Groups 1 and 3). After an interval of 3 weeks 
0-1 ml. 0-1 per cent proflavine hemisulphate in distilled water was injected 
intradermally into four areas, left scapular region, right haunch, right 
scapular region, and left haunch, in rotation (according to the schedule 
described for Group 1), weekly for 24 weeks. 
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Group 6.—DMBA was applied as to Group 5. After an interval of 3 
weeks 0-1 ml. 33 per cent ethanolamine oleate B.P. in distilled water (equiva- 
lent to 1-6 per cent ethanolamine oleate) was injected intradermally, 
according to the same schedule, weekly for 24 weeks. 

Group 7.—DMBA was applied as to Group 5. After an interval of 3 
weeks 0-1 ml. of a solution of phenol in distilled water was injected intra- 
dermally weekly according to the same schedule, 0-5 per cent for 12 weeks, 
and 1 per cent for a further 12 weeks. (The increase in concentration was 
made because the lower concentration had ceased to produce a visible 
effect on the skin.) 

Groups 8, 9, and 10.—No DMBA was applied. The same intradermal 
injections, for the same periods, as in Groups 5, 6, and 7, respectively, were 
given. 

In Group 5 (DMBA followed by proflavine hemisulphate) a tumour arose during 
the 6th week of the experiment, on a site which had received only one injection of 
proflavine. Others appeared soon afterwards. At the 33rd week there were 12 
tumour-bearing mice out of 17 survivors, with a total of 28 tumours at or near the 
injection sites. 

In Group 6 (DMBA followed by ethanolamine oleate) a tumour appeared during 
the 11th week on a site which had received two injections of ethanolamine oleate ; 
this later regressed. A few others appeared from the 15th week onwards, and at 
the 33rd week there were 6 tumour-bearing mice out of 18 survivors, with a 
total of 8 tumours at or near the injection sites. 

In Group 7 (DMBA followed by phenol) 5 tumours appeared on 2 out of 20 
mice at the 23rd week, at the time of the 22nd phenol injection. This incidence 


did not increase. 
The course of tumour development in Groups 5, 6, and 7, is illustrated in Fig. 12. 


Mean number of tumours 
per surviving mouse 


20 30 
Weeks 
—DMBA applied to skin 


F {Period of intradermal injections 
Fic. 12.—Tumour promotion by intradermal injections of proflavine hemisulphate, ethanol- 
amine oleate and phenol. Twenty mice in each group. 

© Group 5: DMBA applied once to skin, followed by weekly intradermal injections of 
proflavine hemisulphate. 

@ Group 6: DMBA applied once to skin, followed by weekly intradermal injections of 
ethanolamine oleate. 

phenol. 
Figures in brackets represent numbers of survivors. 
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In the control Groups 8, 9, and 10, injected with proflavine hemisulphate, 
ethanolamine oleate, and phenol, respectively, without previous treatment with 
DMBA, 2 tumours were seen at or near the injection sites : one in the proflavine 
group which appeared 5 weeks after the last injection and disappeared 7 weeks 
later, and one in the ethanolamine oleate group which appeared one week after the 
\ast injection and persisted. 

In addition to these tumours a number of others appeared on the heads, necks, 
and limbs of mice of Groups 5, 6, and 7, i.e. remote from the sites of intradermal 
injection. Their significance will be discussed below. 

Benign and malignant tumours have been counted together in the above 
record. Most were benign, and remained so, but five squamous epitheliomata 
developed at injection sites in 4 mice of Group 5; the first appeared at the 23rd 
week, and the others between the 30th and 50th week. A squamous epithelioma 
arose at an injection site in Group 6 at the 30th week, and 2 arose in Group 7, 
one on the neck at the 45th week and one on a treated site at the 50th week. The 
latter metastasized to a lymph gland and to the lungs. In addition 2 mice in 
Group 6 developed multifocal basal cell tumours, on the neck in one, and on an 
injection site and on the head in the other ; these tumours appeared between the 
42nd and 46th week. (This type of tumour is occasionally induced in mice of 
this strain by other carcinogenic applications. They appear most commonly on 
the head or neck.) 


Experiment IIT 


A number of further tests were made with the object of discovering whether 
proflavine applied repeatedly to the skin in a suitable solvent, or implanted 
subcutaneously in a vehicle which would ensure its persistence at the site for a 
long time, would have tumour-promoting power. After some trials the following 
methods were used. Four groups, each of 20 3 mice of the “8 ” strain, were used. 


Group 11.—0-2 ml. 0-15 per cent DMBA in acetone was applied to the 
skin of the back (as to Groups 1, 3, 5, 6, and 7). After an interval of 3 
weeks, weekly applications to the same area of 0-3 ml. of a 1 per cent 
solution of proflavine hemisulphate in water one part, carbowax 300 two 
parts, were begun and continued for 24 weeks. 

Group 12.—No pretreatment with DMBA was given. Proflavine 
hemisulphate was applied to the back as to Group 11. 

Group 13.—Pretreatment with DMBA was given as to Group 11. After 
3 weeks two cylindrical pellets, approximately 16 mm. long and 1-5 mm. 
in diameter, consisting of 2-5 mg. crystalline proflavine hemisulphate 
suspended in paraffin wax, were implanted subcutaneously in the back so 
that they lay parallel, and about 1 cm. lateral, to the spinal column. 

Group 14.—No pretreatment with DMBA was given. Proflavine 
hemisulphate pellets were implanted as in Group 13. 


Groups 11 and 12 were observed for 31 weeks, and Groups 13 and 14 for 47 
weeks. No tumours arose on the treated sites in any of these groups. A few 
tumours arose on the heads in Groups 11 and 13 (cf. Groups 5, 6, and 7). 

No ulceration or other naked-eye abnormality was produced in Groups 11 and 
12 (proflavine to skin). Microscopical examination showed no abnormality 3 
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days after the first proflavine treatment ; when the animals were killed small 
areas of slight epidermal thickening were found on several, in others no abnorma- 
lity was seen. 

In several mice in Groups 13 and 14 (subcutaneous proflavine pellets) the skin 
ulcerated over the pellet, which was discharged. The resulting ulcers were indolent, 
and sometimes enlarged into fairly extensive scabbed areas. Some of these persisted 
until the animals were killed two to three months later. When they were killed 
(50 weeks after the application of DMBA to Group 13, and 47 weeks after the 
implantation of the pellets) about half the pellets were still in situ. The pellets 
themselves were a dark yellow colour, but the surrounding tissue was hardly 
coloured. In-some cases firm fibrous nodules were found either surrounding 
or.in close association with the pellets, and subcutaneous purulent abscesses 
had formed under some of the ulcers. 

Microscopically the pellets were found to be surrounded by thin fibrous 
capsules. Several of these capsules had been partly lined by keratinized squamous 
epithelium, and were surrounded by considerable fibrous dermal thickening. There 
was slight epidermal hyperplasia over these sites, and in their vicinity, but not to 
an extent suggesting that any appreciable quantity of the drug had reached the 
epidermis. Nothing like neoplastic change was seen in any of these lesions. 


DISCUSSION 


The incidence, and time of appearance, of benign and malignant tumours in 
mice which received an initiating application of DMBA, followed by the various 
tumour-promoting treatments, should be compared with that in mice given the 
DMBA without subsequent treatment, known from previous work in this labora- 
tory using the same strain of mice (Roe, 1956a, and unpublished observations). 
For instance 60 mice given one application to the back of 0-3 ml. 0-15 per cent 
DMBA in acetone developed no tumours on the treated areas for 40 weeks, though 
papillomas began to appear elsewhere (mostly on the head) from the 30th week 
onwards. No malignant tumours arose on the treated areas ; six arose on the head 
after an average latent period of 55 weeks. 

On the basis of comparison with this series, the incidence of benign and malignant 
tumours in Groups 1 and 3 shows that promotion of tumour development in mouse 
skin by external application of 20 per cent, and to a less extent of 5 per cent, 
phenol has been confirmed. At the higher, but not at the lower, concentration 
phenol produced a few tumours without pretreatment with the hydrocarbon. Thus 
it is shown to be, like croton oil, an active tumour promoter, but a weak carcinogen, 
for mouse skin. 

From an attempt to throw light on the role of dermal fibrosis in tumour 
promotion, by intradermal injections of phenol and of two other sclerosing agents, 
the interesting fact emerged that 0-1 per cent aqueous proflavine hemisulphate 
injected intradermally after one applicatiou of DMBA is an effective promoting 
agent. 0-1 per cent phenol and 1-6 per cent ethanolamine oleate, injected similarly, 
had slight but definite promoting effects. All these treatments produced nodules 
of sclerosis in the dermis, with transient ulceration and hyperplasia of the over- 
lying epidermis. When applied without pretreatment with DMBA, only three 
tumours appeared among 60 mice—a result which should not be accepted as 
significant without further tests. 
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As mentioned above, a number of tumours appeared on the heads and necks of 
some of the mice in Groups 5, 6, and 7, which had received an initial treatment of 
DMBA on the back followed by intradermal injections of phenol, ethanolamine 
oleate, or proflavine hemisulphate. Tumours of the head and neck were not seen 
however in Groups 1 and 3, which received 20 per cent and 5 per cent phenol 
respectively applied to the skin after the same pretreatment. 

Roe (1956a) found that in mice treated with a single application of 0-2 ml. 
015 per cent DMBA to the back, tumours developed on the head and neck, and on 
other sites outside the treated area, from the 30th week onwards. These arose 
earlier, and in greater numbers, than tumours on the treated area. It is likely 
that the tumours which developed remote from the injection sites in the present 
experiment were due to the remote effect of DMBA. It is interesting to note that 
in Roe’s experiment a course of croton oil treatment to the back after a single 
application of DMBA appeared to suppress the development of DMBA tumours 
at other sites (Roe, 1956a ; and discussion in Salaman and Roe, 1956). It seems 
that phenol treatment of the skin had a similar effect in the present experiment, 
but that the intradermally injected substances used in Groups 5, 6, and 7 did not. 

The question of the role of dermal fibrosis in carcinogenesis, and particularly 
in tumour promotion, which was raised by the promoting effect of ulcerative 
applications of phenol, has not been conclusively answered. Some relevant 
evidence was obtained, and this may be summarized as follows. External applica- 
tions of 20 per cent phenol produced much more damage, and resultant hyper- 
plasia and scarring, to both epidermis and dermis than 5 per cent. The tumour- 
promoting effect of the former was also much greater than that of the latter. 
Intradermal injections of sclerosing agents produced, as well as dermal fibrosis, 
some ulceration and hyperplasia of the overlying epidermis. Of these proflavine 
hemisulphate acted as a fairly powerfull epidermal tumour promoter ; but when 
applied externally to the skin it was inactive, and produced minimal changes 
only in dermis and epidermis. This failure may have been due to lack of penetra- 
tion. When incorporated in a wax pellet and implanted subcutaneously, proflavine 
produced local dermal fibrosis, with late ulceration, but again no epidermal tumour 
promotion occurred. Here also lack of penetration by the drug may have been 
the cause of its failure to act. However if dermal fibrosis per se can promote 
epidermal tumour development, tumours should have arisen in the epidermis over 
these pellets (Group 13). 

The view put forward by Orr and his colleagues and which they have supported 
by so many ingenious experiments (Orr, 1938, 1948, 1955; Billingham, Orr, and 
Woodhouse, 1951; Marchant and Orr, 1953), that epidermal carcinogenesis is 
secondary to dermal changes, is not, in the writers’ view, either confirmed or 
contradicted by the results of the present work. 

In every case of tumour promotion there was some irritant action, slight or 
severe, of the agent on both the epidermis and the dermis. Until we have means 
of affecting each separately it is unlikely that the question of their relative roles 
in epidermal carcinogenesis will be finally settled. 


SUMMARY 
1. The action of phenol at two concentrations applied repeatedly to mouse 
skin was tested with or without a single previous application of 9 : 10-dimethyl- 
1 : 2-benzanthracene. 
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2. Under these conditions phenol in an ulcerative concentration (20 per cent) 
was found to have a strong promoting effect on tumour development, and a weak 
carcinogenic action. 

3. Phenol in a non-ulcerative concentration (5 per cent) was found to have a 
moderate promoting effect on tumour development, but no carcinogenic action. 

4. Repeated intradermal injection of three sclerosing agents in just-ulcerating 
concentrations, phenol, ethanolamine oleate, and proflavine hemisulphate, were 
found to have moderate promoting effects on tumour development. The last was 
the most effective. 

5. None of these intradermal injections showed significant carcinogenic action. 

6. Proflavine hemisulphate applied repeatedly to the surface of the skin, or 
implanted subcutaneously as a suspension in paraffin wax, had neither promoting 
effect on tumour development, nor any carcinogenic action. 


We are indebted to Mr. J. A. Rawlings for care of the animals, and to Messrs. 
W. J. Milton and J. Chapman for skilled technical assistance. The expenses of 
this research were partly defrayed out of a block grant from the British Empire 
Cancer Campaign. 
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REPEATED application of carcinogenic hydrocarbons to mouse skin has been 
reported to result in changes in the structure of the dermis prior to the appearance 
of epidermal neoplasia (Orr, 1938 ; Vernoni, 1951). In normal mouse dermis the 
collagen consists of interwoven coarse bands of refractile fibres. During carcinogen 
treatment there is a progressive alteration beginning in the superficial dermis to 
fine, non-refractile fibres. This is sometimes associated with an increase in thick- 
ness of the dermis, suggesting there may also be formation of new collagen (Orr, 
1938). Changes in the elastic fibres are also reported (Orr, 1938; Ma, 1949; 
Gillman, Penn, Bronks and Roux, 1955). It has been suggested that these stromal 
alterations may play an important part in the pathogenesis of mouse skin tumours. 
Similar changes have also been observed in human skin cancers (Vernoni, 1951) 
as well as in other human cancers (Orr, 1954). 

In the work reported here an attempt was made to obtain more information 
about the cause of these histological changes by chemical studies on the connective 
tissue components in mouse skin during treatment with the carcinogen 20-methyl- 
cholanthrene. Collagen, certain acid-soluble (‘‘ procollagen ’’) fractions, poly- 
saccharide and ground substance components were estimated in normal and treated 
skin. The results did not reveal any pronounced chemical changes and would 
suggest that physical changes in the state of association of the collagen, rather than 
changes in chemical composition, are responsible for the effects of carcinogens 
that have been observed histologically. A difference in the amount of collagen in 
male and female mouse skin was found and the effects of castration and ovariec- 
tomy were therefore examined. 


MATERIALS AND METHODS 

Animals and treatment 

Outbred albino mice of both sexes were used. Water and cube diet (Thomp- 
son’s formula) were available throughout. One group of mice was given weekly 
applications of 0-3 per cent (w/v) 20-methylcholanthrene in acetone for 12 weeks. 
The solution of the carcinogen was applied so as to cover most of the back (0-3 
ml.). After the last painting the animals were left a further 2 or 3 weeks before 
being killed. The mice were then about 6 months old. The painted area of skin 
was shaved, removed and excess fat trimmed off. Skin was removed similarly 
from untreated control mice of similar age. The gonads were removed from another 
group of male and female mice about 10 weeks old which were kept a further 14 


* Present address: Department of Chemistry and Pharmacy, College of Technology, Belfast. 
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weeks before being killed for skin analysis. Thus three groups of animals of either 
sex were used, i.e. normal, castrated and carcinogen-treated. 


Estimation of collagen and related proteins 

The general procedure followed was similar to that described by Harkness. 
Marko, Muir and Neuberger (1953, 1954). Pooled skin from 5 or 6 mice was minced 
finely with scissors and then further disintegrated for 2 minutes in a high speed 
mixer with 25 times its weight of cold, saturated Na,HPO,-solution. This and 
the subsequent operations were carried out so far as possible in the cold. This 
suspension was allowed to stand for 48 hours then centrifuged (Supernatant A). 
The residue was extracted with 0-1 M citrate-buffer (pH 3-8) for 24 hours and then 
centrifuged. The supernatant from centrifugation, on dialysis against 0-01 
M-Na,HPO,, precipitated “acid-soluble collagen” or “ pro-collagen ” (Orek- 
hovich, 1952). Material insoluble in phosphate and citrate was boiled under 
reflux with water for 24 hours to give a solution of gelatin derived from the fibrous 
collagen, and leaving an insoluble residue which contains proteins such as keratin 
and elastin. 

The supernatant ‘‘ A ”’ from the original extraction was dialysed for 48 hours 
against water. The precipitate obtained was suspended in the citrate (pH 3-8) 
buffer for 24 hours and then centrifuged. The cell proteins in the sediment were 
discarded and the solution dialysed. ‘‘ Alkali-soluble collagen ” was then precipi- 
tated by dialysis against 0-01 M-Na,HPO,. (In fact, only extremely small amounts 
were isolated from mouse skin.) 


Estimation of nitrogen content of skin 

The nitrogen content of the original skin mince was estimated by micro- 
Kjeldahl digestion followed by colorimetric estimation of the ammonia with 
Nessler’s reagent. 


Estimation of amino-acid and sugar components 

The following components were estimated : (a) hydroxyproline, as a measure 
of the collagen content, (b) tyrosine, representing other proteins and mucoproteins, 
(c) reducing materials, in terms of glucose, as a measure of polysaccharide and 
protein-bound carbohydrates and, finally, (d) hexosamine (as glucosamine)—a 
component of acidic mucopolysaccharides. Colorimetric methods were used in 
each case, the colour yield being determined against standards prepared at the 
same time and using an ““ EEL” photoelectric absorptiometer with the appro- 
priate filter. 

Pooled skin from several mice was dried in vacuo and then samples weighed 
out for hydrolysis. For the amino-acid estimations hydrolysis was carried out 
with 6 N-HCI for 18 hours at 107° C. in a sealed tube. The tubes were then opened 
and the solution washed out, filtered and taken to dryness on a steam bath before 
making up to a known volume. Hexosamine was estimated in specimens hydrolysed 
for 4 hours with 6 N-HCl in sealed tubes at 107°C. and reducing sugar in samples 
hydrolysed with 1 N-HCl for 4 hours under reflux. 

The method of Neuman and Logan (1950) was used without modification for 
the estimation of hydroxyproline. Tyrosine was estimated with 1 nitroso-2- 
naphthol according to the description of Udenfriend and Cooper (1952) with 
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suitable selection of the reagent volumes for the particular absorptiometer used. 
Reducing substances were estimated in terms of glucose by the copper reduction 
method of Shaffer and Somogyi (1933). Finally hexosamine was estimated by a 
method based on that of Elson and Morgan (1933) and Rienits (1953). Standard 
ground-jointed tubes were used in place of sealed tubes and n-propanol was 
substituted for the more volatile ethanol in the p-dimethylaminobenzaldehyde 
reagent. Samples of hydrolysate and standard glucosamine were pipetted into 
tubes and evaporated down over solid NaOH in a vacuum desiccator prior to 
treatment with acetyl-acetone. 

Nitrogen determinations were carried out on the dried material and on 
hydrolysates. The results were expressed on the basis of the nitrogen content 
of the original material, namely, mg. hydroxyproline nitrogen, mg. tyrosine nitro- 
gen, mg. glucosamine or mg. glucose per 100 mg. skin nitrogen. The approximate 
accuracy of the analyses judged from standards and duplicates was sugar + 2 
per cent, hydroxyproline + 3 per cent, glucosamine and tyrosine + 5 per cent. 


RESULTS 


The estimations of the nitrogen content of the mice are shown in Table I. 
In each case the nitrogen content of female skin is lower than that for male skin 
(for normal males compared with normal females P = 0-005). Presumably this 
reflects a higher water and fat content in females. Carcinogen treatment and 
castration did not affect this difference. 


TaBLe I.—Nitrogen Content of Skin of Normal, Castrated and Carcinogen-treated 


Mice 
Skin nitrogen 
(per cent Standard Number of 
Treatment wet weight) deviation estimations 
Males : 
Normal 3-46 0-40 4 
Methylcholanthrene’ . 3-22 0-03 3 
Females : 
Normal 2-70 0-16 5 
Castrated . ‘ 2-58 0-04 2 
Methylcholanthrene 2°77 0-07 


The results obtained by fractionation of mouse skin are summarised in Table 
II. Collagen accounts for 30 per cent to 50 per cent of skin nitrogen, whereas only 
small amounts of pro-collagen were found. The yield of alkali-soluble collagen was 
extremely small and reproducible figures could not be obtained, so only the 
range of values has been indicated. The remaining nitrogen represents cellular 
and other soluble proteins. The ‘ t” test was used to compare the results. 

The collagen content revealed a marked sex difference. Normal males were 
found to have much more collagen than the females (P = 0-001), but with 
carcinogen-treated mice this sex difference was no longer statistically “ signifi- 
cant ’” (P = 0-08). This was mainly due to the decrease in the collagen level in 
the males on treatment (P = 0-03) rather than to a rise of the level in females. 
Castration of males did not change the collagen value, but ovariectomy resulted 
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TaBLE II.—Collagen and Related Protein Fractions in Skin of Normal, Castrated 
and Carcinogen-treated Mice (expressed as a percentage of the whole skin nitrogen) 


Soluble 
cell 
Acid- Insoluble _ proteins 
soluble residue and other 
Collagen collagenN  Alkali- N N materials Number 
N (as (pro- soluble (keratin, (by of 
Treatment gelatin) collagen) collagen elastin) difference) estimations 
Males : 
Normal - 49-90 . 1-61 . 00-015 . 16°50 . 32:0... + 
(1-41) (0-42) (3-18) 
Castrated . - 49°20. 0-46 ‘ + 1 
Methylcholanthrene . 42:20 . 0-55 . OO-l . 14:70 . 42:5. 3 
(1-25) (0-30) (0-50) 
Females : 
Normal - 32-35 . O45 . OO-13 . 18:15 . 48-9. 5 
(4-31) (0-18) (4-27) 
Castrated . 48°50 . 0-32 . OO-l1 . 14:70 . 36-4 2 
(2-24) (0-05) (1-41) 
Methylcholanthrene . 35°55 . 0-36. 0-04 . 14°93 . 49-1. 4 
(5-00) (0-18) (1-64) 


Standard deviations are given in brackets. 
+ Trace present but not estimated ; + present but not estimated. 


in a significant rise of skin collagen in females (P = 0-01) to the male level. There 
was a significantly higher concentration of pro-collagen in males than in females 
(P < 0-001), but the treated groups had about the same concentration as the 
females. The insoluble residue of keratin and elastin was of similar order in all 
groups. 

These changes were, in general, confirmed by the analyses of hydroxyproline 
concentration carried out separately on samples of dried skin (Table III). The 
results are the means of duplicate analyses on samples of dried pooled skin. An 
indication of the accuracy of the different estimations is given above. The sex 
differences, the effects of carcinogen on the males and the effects of castration are 
again confirmed. There was a small sex difference in the level of hexosamine both 
in normal and in carcinogen-treated mice but this was not apparent in castrates. 
However, castrated mice of both sexes showed increased amounts of reducing 
material. 


TaBLeE III.—Amino-acid and Sugar Components of Normal, Castrated and 
Carcinogen-treated Mice (expressed as mg./100 mg. skin N) 


Reducing Hexosamine 


substances) (as Hydroxyproline Tyrosine 
Treatment (as glucose) glucosamine) Nitrogen Nitrogen 

Males : 

Normal . 14-0 3-7 4-2 0-57 

Castrated . 21-9 3-7 4-12 0-82 

Methylcholanthrene . 15-0 3-8 3-9 ° 0-5 
Females : 

Normal . 14-7 4-4 3-2 1-0 

Castrated . 21-6 3-9 4-2 ‘ 0-8 

Methylcholanthrene . 18-0 4-8 3-15 0-75 


The results are means of duplicate analyses on pooled materials. 
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DISCUSSION 


The amounts of pro-collagen and alkali-soluble collagen found in mouse skin 
were much lower than those reported for the skin of other species. By comparable 
methods, Harkness et al. (1954) found the following concentrations in albino 
rabbit skin : collagen 35-40, pro-collagen 10, alkali-soluble collagen 2, and residue 
20-25, as percentages of skin nitrogen. These workers obtained evidence suggesting 
that the alkali-soluble collagen was the true precursor of the other fractions, 
pro-collagen and collagen, although all three had closely similar amino-acid 
compositions. Unfortunately the amount of alkali-soluble collagen in mouse skin 
was so low that it was possible to obtain only a very approximate indication of 
the concentration. There was no evidence, however, of any considerable change 
in this fraction. 


Carcinogen-treatment 

The effects of a twelve-week treatment of mouse skin with methylcholanthrene 
were comparatively small. Only slight changes occurred in the collagen fractions, 
although at the time the analyses were done, some mice (not included in those 
estimated) had already developed small warts. Using female Swiss mice, Ma 
(1949) has followed the changes produced by methylcholanthrene painting up 
to 60 days. He reported first a slight initial increase of the dermal collagen 
followed by a decrease but described greater changes in the elastic components. 
In the results given here, elastin would be included in the insoluble residue 
fraction which showed little change. Hexosamine, sugar and tyrosine levels did 
not show any change which could be interpreted as deposition of mucoprotein or 
mucopolysaccharide, nor was there any evidence of the production of pro-collagen 
from collagen. It seems likely then that the histological changes seen after carci- 
nogen treatment of skin are mainly of a physical nature, in some way affecting 
the association and orientation of the collagen fibres. The possibility that such 
physical characteristics as the heat-shrinkage temperature of the fibres may be 
changed is therefore being investigated (Jackson, 1953; Gustavson, 1955). 


Collagen content in relation to sex 

In published work, there are a number of references to qualitative differences 
in the structure of male and female skin in various species but there are very few 
giving any report of quantitative differences in the amount of collagen present. 
Indeed, few papers dealing with this type of problem seem to consider the sex of 
the animals. Baker (1951) has reported a ratio of 3: 2 for the relative thickness 
of dermis in male and female rats. A similar but less marked difference was found 
by Wilson and Morris (1932) in comparing the weights of pelts of Angora rabbits. 
Male pelts were thicker and stronger and averaged about 9-08 ounces as compared 
with 7-58 ounces for female pelts. 

The results given above show a pronounced difference in the collagen nitrogen 
and pro-collagen of male mouse skin as compared with female skin. When the 
male mice were castrated, the pro-collagen level appeared to fall but there was 
no change in the bulk of insoluble collagen. However, the hormonal changes 
produced by ovariectomy of female mice resulted in an increase in the amount 
of collagen nitrogen from 32 per cent to about 48 per cent (of total skin N) which 
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is the male level. This would suggest that the low value in the female is due to 
oestrogen control rather than that androgenic influences produce a high collagen 
level in males. Hooker and Pfeiffer (1943) found that administration of oestradiol 
benzoate to rats caused thinning of the skin, the thickness of the dermis being 
reduced to about half; this effect was counteracted by testosterone. Other 
workers, however, have found that androgens resulted in thickening or strengthen- 
ing of the skin, e.g. De Graaf (1946, rats), Herrick (1944, fowls) and Szirmai 
(1949, fowls). Further studies will therefore be required to obtain more evidence 
of the effect of castration and hormones on the collagen levels. 

If a changing chemical structure of the dermis plays some part in skin carcino- 
genesis it might be expected that there would be a difference in the yield of skin 
tumours from male and female mice. Few pronounced differences have been 
reported. Salaman and Roe (1956) found a sex difference in the incidence of 
papillomata in mice produced with 9,10-dimethyl-1,2-benzanthracene followed 
by croton oil. Fifty-two males bore 801 papillomata as against 473 in 54 females. 
However, there was no difference in the subsequent incidence of malignant 
tumours. On the other hand the effect of methylcholanthrene treatment seems to 
make the collagen compositions of male andfemale skin approach each other 
and so may tend to eliminate, in this way, a sex difference in the yield of tumours. 


SUMMARY 


1. An examination was made of skin from normal, methylcholanthrene- 
treated and castrated mice of both sexes. Collagen, pro-collagen and similar 
fractions were determined after extraction from fresh skin. Hydroxyproline, 
tyrosine, hexosamine and reducing sugar were determined on hydrolysates of 
dried skin. 

2. Male mice had a significantly higher proportion of collagen in the skin than 
females, 50 per cent as compared with 32 per cent of skin nitrogen. 

Castration did not affect the male level but increased the amount in females 
to about that found in males. 

3. Methylcholanthrene treatment did not produce a significant increase in 
collagen concentration in females but it lowered the amount in males significantly. 

4. Only small changes were found in the other components estimated after these 
treatments. 
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THE CHEMICAL INDUCTION OF OVARIAN TUMOURS IN MICE 
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In 1954 Howell, Marchant and Orr reported the induction of granulosa-cell 
tumours of the ovary in more than half of the virgin female mice painted at 
fortnightly intervals with an oily solution of 9 : 10-dimethyl-1 : 2-benzanthrecene 
(DMB). These tumours occurred in mice of the IF strain and in F, hybrids derived 
from crossing IF females with males of the A or C57 Black strains. Since this was 
the first report, as far as we were aware, of the induction of any significant number 
of tumours of the ovary by a chemical compound, further experiments have been 
carried out to expand our knowledge of this phenomenon. 


MATERIALS, METHOD AND RESULTS 


Throughout these experiments the mice have been kept in metal boxes, up to 
6 in a box, and fed on rat cubes (Heygate and Sons) known as the Thompson diet, 
with water ad lib. Except where otherwise stated, a solution of 0-5 per cent 
DMB in olive oil was applied to the surface of the body at fortnightly intervals. 


An average dose of 0-20 ml. (= 1-0 mg. of DMB) was applied by pipette to a mouse 
at each treatment in 16 drops, 4 on each side of the ventral and dorsal surfaces. 
Vaginal smears of many of the mice were examined at frequent intervals throughout 
life. Breast tumours were noted, and at autopsy the ovaries were inspected macro- 
scopically and then removed and fixed in formol saline for histological examination. 
Sections were stained with Ehrlich’s haematoxylin and eosin. 


A. The incidence of ovarian tumours in various strains of mice after DMB treatment 

Virgin female mice of the following strains were treated with DMB as described 
above : A, C3H, C57 Black and outbred albino stock. 

The results are given in Table I below which includes previous results from the 
IF and IF hybrids for comparison. Only those mice surviving treatment for at 
least 4 months, which was the time of the earliest ovarian tumour found in the 
IF strain, are included. The ovaries of the tumorous mice are classified according 
to size in order to give an approximate idea of the size of the tumours or ovarian 
cysts. 
It will thus be clearly seen that the incidence of granulosa-cell tumours of the 
ovary induced by DMB is much higher in the IF strain and their F, hybrids than 
in any of the other strains of mice used in this investigation, but in the other 
strains there were more ovarian cysts. Some of the granulosa-cell tumours in the 
IF mice were more than 1 cm. in diameter, a normal ovary being about 3 mm. in 
diameter. Gross tumours were almost confined to these mice. 

The morbid anatomy and histology of the ovarian tumours were similar to 
that described in the previous report (Fig. 6 and 7), the majority of them showing 
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TaBLE I.—Incidence of Ovarian and Breast Tumours in Various Strains of Mice 
after Fortnightly Treatment with DMB 
Number 
with 
breast 
tumours 


77 
80 

IF x C57 Bl 7% . . 50 
Outbred albino is. 18 


* In this table the tumours are classified according to size. N = a tumour in an ovary of normal 
size, which was detected by irregularity in size of ovaries due to atrophy of the non-tumorous ovary. 
+N = enlarged ovaries, more than 3 mm. in diameter. -—N = ovaries which were atrophied 
but in which tissue resembling that of the large tumours was found. This classification will be 
adopted throughout. 

+ “ Survival ” is the mean survival of the group from the time of first treatment. 


to oS 


pseudofollicular differentiation. Vaginal smears showed that most of the mice 
with granulosa-cell tumours had prolonged oestrus activity. 

In mice which did not have tumours or cysts, some degree of ovarian atrophy 
had occurred. The histological changes involved will be described later. They 
occurred in all the mice used, but they seemed to be delayed about 2 months in 
the A strain. No normal ovaries were found in any strain of mouse after 4 months 
or more treatment with DMB. 

Breast tumours, which also occur after DMB treatment, are given in Table I 
and it will be seen that IF mice have the highest incidence of these tumours also. 

Having established that DMB treatment will induce a high incidence of ovarian 
tumours in the IF strain, but not in the other strains tested, we were interested to 
examine the ovaries of IF mice treated with another powerful carcinogen, 20- 
methyleholanthrene (MC), which is equally as effective as DMB in inducing 
breast tumours in this milk-factor free strain. 


B. The effect of MC treatment on the ovaries of IF mice 

In this experiment virgin female IF mice were painted fortnightly with a solu- 
tion of 0-5 per cent MC in olive oil. F, hybrids of IF mothers with A or C57 Bl 
fathers were similarly treated. Ovaries of all these mice were eventually sectioned 
serially. The incidence of tumours is given in Table IT. 


TaB_eE II.—The Incidence of Ovarian and Breast Tumours after Fortnightly 
Treatment with MC 


Number with Number with 
granulosa-cell ovarian cysts 
tumours nl 
Survival 


+N N -N % (months) 
IF x C57 Bl 50... 12-2 


No. Strain —-N % +N N -N % (months)t 

4 C3H ° 0 2 « 2 7-4 

27 C57 Bl 1 2 0 9-3 
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None of the ovarian tumours induced by MC were macroscopic but they 
could be identified microscopically as small granulosa-cell tumours. The other 
ovaries were somewhat atrophied showing changes similar to, but less marked 
than, those of the mice treated with DMB. 


c. Histological changes induced in mouse ovaries by DMB 

For this report histological material from ovaries of all IF mice receiving 
DMB treatment was studied. Some mice were killed at intervals of a fortnight 
after beginning treatment, and other mice which died during the course of the 
experiments were also used. 

The changes noted in the IF mice also occurred in mice of the other strains 
at about the same rate, except in the A strain, where they seemed to lag about 2 
months behind. The changes can most simply be explained under a few headings. 

Normal mouse ovary.—The bulk of a normal ovary from a young adult mouse 
is composed of follicles and corpora lutea (Fig. 1). The latter are clearly defined 
bodies composed of smallish cells with eosinophilic cytoplasm. As these bodies 
age, they become invaded by fibroblasts from the theca and gradually retrogress. 
Amongst the corpora lutea are to be found follicles in various stages of develop- 
ment. Some are primary follicles with an ovum surrounded by a single layer 
of granulosa cells ; others contain granulosa cells which have proliferated into 
several layers, with some eosinophilic fluid around the ovum in the larger follicles. 
Still more follicles of various sizes have undergone degeneration or atresia. The 


EXPLANATION OF PLATES 


All figures show sections of ovaries of IF or IF hybrid mice treated fortnightly with DMB, at the 
same magnification, except Fig. 12. 


Fig. 1 to 4 show the early results of DMB treatment. 


Fic. 1.—Normal young mouse ovary showing developing follicles. x 26. 

Fic. 2.—Two weeks DMB. Many follicles degenerating. x 26. 

Fic. 3.—Three and three-quarter months DMB. Only | developing follicle present. Outlines 
of corpora lutea are indistinct. x 26. 

Fic. 4.—Four months DMB. No ova remain, lutein tissue is diffuse and patches of pigmented 
cells have appeared. x 26. 


Fig. 5 to 7 show ovaries of mice with early tumours. 

Fic. 5.—Four months DMB. Diffuse luteinisation and remains of large degenerated follicles. 
x 26. 

Fic. 6.—Shows an early granulosa-cell tumour in the other ovary of the same mouse as Fig. 5. 
x 26. 

Fic. 7.—Seven and a half months DMB. A small granulosa-cell tumour occupies most of 
the ovary which is a little enlarged. x 26. 

Fic. 8.—Seven and three-quarter months DMB. Atrophied ovary with prominent germinal 
epithelium. x 26. 


Figs. 9 to 11 show various types of cysts. 

Fic. 9.—Six months DMB. Papillary cyst typical of Fallopian tube in diffusely luteinised 
ovary. xX 26. 

Fic. 10.—Eight and a half months DMB. Haemorrhagic cyst. x 26. 

Fie. 11.—Seven and three-quarter months DMB. Part of clear, multiloculate, cystic ovary 
about 4mm. diameter. x 26. 

Fie. 12.—Eight and a half months DMB. Part of a prominent germinal epithelium enlarged 
to show “ anovular follicles ” or “‘ sterile tubules”. x 245. 
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follicles and corpora lutea form the “‘ cortex ” of the ovary and there is a ‘‘ medulla” 
composed of blood vessels, fibrous tissue, etc. interspersed with a few atretic 
follicles, In the normal ovaries of older mice some large vacuolated or pigmented 
cells may be found. 

Destruction of ova after DMB treatment.—The first change noticed in the ovaries 
of mice which have begun DMB treatment was not usually very evident until 
about one month after the first painting. At this stage many of the ova of follicles 
of all sizes appeared to be degenerate, resulting in an increase in the numbers of 
atretic follicles and a gradual decrease in numbers of developing follicles (Fig. 2). 
In a few of the larger follicles with degenerate ova, luteinisation appeared to be 
taking place to form “ corpora lutea atretica”’. After 4 to 5 months of treatment 
all ova with their surrounding granulosa cells had disappeared, but atretic follicles 
were still abundant (Fig. 4). The latter gradually decreased in numbers and finally 
diasppeared after 8 months. 

Disorganisation and disappearance of corpora lutea.—After about 3 months of 
treatment with DMB the ovaries were somewhat atrophied, due to loss of develop- 
ing follicles. Normal corpora lutea were still present, but at about this time they 
showed a tendency to merge together into large masses of lutein tissue (Fig. 3 and 
5) similar to the condition described as “ luteomatous ” in intrasplenic grafts 
of guinea-pig ovaries by Iglesias, Mardones and Lipschutz (1953). Later the 
cells appeared to increase in size and to become less eosinophilic. Eventually 
larger cells were seen which were often vacuolated or contained pigment (Fig. 4) 
and identical with the interstitial tissue of other authors. After about 7 months 
of treatment, normal corpora lutea had disappeared, and also the masses of 
lutein tissue, leaving clumps of large cells. A few atretic follicles might be seen. 
Sometimes the ovaries were invaded by lymphocytes and mast cells might be 
present. On occasion thecal tissue was prominent or blood vessels congested. 

Prominent germinal epithelium.—After 7 months of treatment, ovaries which 
did not contain tumours or cysts were considerably atrophied due to the loss of 
follicles and corpora lutea (Fig. 8). At the same time, and possibly as a result of 
the atrophy, the germinal epithelial cells became prominent. Instead of being 
flattened, as in the normal mature ovary, the cells became cuboidal or even 
columnar in shape and sometimes they were invaginated into the substance of 
the ovary to form the “ sterile tubules” or “ anovular follicles ’’ described by 
other authors, e.g. Brambell, Parkes and Fielding (1927), in irradiated ovaries 
(Fig. 12). 

Granulosa-cell tumours.—The first granulosa-cell tumours were found after 4 
months from the commencement of DMB treatment. Typical small tumours are 
shown in Fig. 6 and 7. They were not found in mice surviving for more than 8 
months. Presumably, therefore, they must have arisen from some ovarian 
constituent, which had disappeared before this time. This would seem to exclude 
the germinal epithelium, which had only begun to proliferate at a time when 
granulosa-cell tumours had stopped being formed. The most likely origin of the 
tumours seems to be from the granulosal lining of follicles in which the ova have 
degenerated as postulated by Traut and Butterworth (1937) and McKay, Hertig 
and Hickey (1953). Two early tumours have been found in ovaries of mice which 
still contained one or two large follicles undergoing atresia (Fig. 5 and 6). In mice 
with tumours in one ovary, the non-tumorous ovary resembled those of the 
DMB-treated mice without tumours. 
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Cysts.—Cysts of various kinds (Fig. 9 to 11) were found in some ovaries after 
about 5 months’ treatment with DMB. They are sometimes seen in the ovaries 
of untreated ageing mice. 

Table III shows the structures present in the ovaries of mice treated with DMB 
at various periods after commencement of the treatment. 


TaBLE III.—Structures Present in Ovaries of Mice Treated with DMB 


Develop- 
Months ing rganised Prominent Granulosa- 
of treat- follicles i pigmented Atretic i 
ment (Ova) i follicles epithelium tumours Cysts 


++ 


+++ 7774 


+ 


+-+ abundant, + present, + sometimes present, sometimes absent, — absent. 


Vaginal smears.—In general the vaginal smears of mice treated with DMB 
showed that they went on cycling for the first four months of treatment, with a 
tendency towards longer periods of oestrus or of dioestrus, and eventually became 
fairly constant in one or the other phase. Those mice which finished in a state 
of fairly constant oestrus usually had a granulosa-cell tumour, occasionally a 
cyst. Those in constant dioestrus usually had atrophied ovaries, but about 
one-quarter of the mice with granulosa-cell tumours, and some of those with 
cysts, were also in constant dioestrus. After a period of dioestrus lasting several 
weeks, some mice would go into constant oestrus and these were found to have 
granulosa-cell tumours. 

It is seen from Fig. 13 that in general the mice with a history of increasing 
periods of oestrus had the earlier tumours and it is believed that these tumours 
began to develop when many viable follicles were present in the ovary. The mice 
with a history of dioestrus smears, frequently followed by constant oestrus, had 
the later tumours which probably arose from the last few remaining follicles in 
an atrophying ovary. 

If, after about 5 months’ treatment with DMB, a mouse was not in a state of 
constant dioestrus, an explanation could almost always be found in the form of 
a granulosa-cell tumour or cyst. On the other hand, mice which were in constant 
dioestrus after 5 months’ treatment were not always free from tumour or cyst. 

In the next experiment an attempt was made to find the minimum number of 
DMB paintings required to induce ovarian tumours. The mice used in this and 
some of the subsequent experiments were probably not pure IF mice, for about 
this time some mice with black bellies instead of tan bellies appeared in the strain. 
It is most likely that they resulted from a cross between IF and C57 Black, so 
we have designated this strain “CIF”. Another stock of pure IF mice has since 
been obtained from Dr. G. M. Bonser at Leeds and has been used in all further 
experiments with the IF strain. 
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D. The minimum dose of DMB required to produce ovarian tumours in mice of IF 
extraction 
Six .boxes of virgin female “CIF” mice were given different numbers of 
fortnightly paintings with the standard DMB solution (from 1 to 6 paintings). 
They were then kept until they died, or until the condition of the mouse necessitated 
killing. All ovaries were then examined histologically. Mice surviving less than 
4 months are not included in Table IV. 


TaBLe IV.—Incidence of Tumours in Mice having Different Numbers of 


Treatments with DMB 
Granulosa-cell 

Number of Mice at risk tumours Average 
DMB Breast Cysts survival 
treatments No. Strain +N N —N tumours (all +N) (months) 

1 6 0 1 1 1 16-5 

2 5 “CIF” 2 2 0 1 0 15-1 

3 3 “Cir” 0 0 0 0 0 4-0 

4 2 “CIF” 0 0 1 0 0 4-3 

5 6 “ca” 1 4 0 4 0 10-0 

6 6 “a” 0 0 0 1 1 6-0 


The survival of the mice which had 3 and 4 paintings respectively was not good, 
because of an infective paralysis which usually ended in death. Some of those 
having 6 paintings also died early from enteritis. Nearly all of the tumours were 
small, but detectable macroscopically by inequality in size of the ovaries. One 
very large tumour occurred amongst the mice having 5 paintings and 2 amongst 
those having 2 paintings. 

Although only one painting with DMB is required to induce granulosa-cell 
tumours of the ovary in a proportion of mice of IF extraction, it seemed that the 
fewer the paintings the more variable the pathology of the ovaries. Two of the mice 
which had one painting and two having 2 paintings of DMB had areas of “ theca- 
fibroma ” in their ovaries, and in one of the latter group this was not associated 
with a granulosa-cell tumour. 

Ovarian tumours have been produced experimentally in various species of 
animals by other authors. There are two methods of doing so. Biskind and 
Biskind (1944) induced them by grafting ovaries into the spleens of castrated 
rats. It has generally been accepted that such tumours result from an increase of 
gonadotrophins from the pituitary which enhance the growth of granulosa cells. 
The increase is due to the destruction in the liver of oestrogens produced by the 
transplanted ovaries. Miihlbock (19516) has shown by parabiosis experiments 
that methods of destroying the circulating oestyogen more efficiently will reduce 
the induction time for ovarian tmours. No tumours are produced in the intras- 
plenic grafts if one ovary of the animal is left intact (Biskind and Biskind, 1948) 
or in castrates receiving oestradiol or testosterone, but not in castrates receiving 
progesterone, after grafting (Li and Gardner, 1949). 

Ovarian tumours may also be induced by X-radiation (Furth and Butterworth, 
1936). Intact endocrine function has been found to inhibit development of tumours 
in irradiated ovarian grafts (Kaplan, 1950), but Gardner (1950) found that although 
administration of oestradiol benzoate prevented the induction of ovarian tuours 
by X-rays, testosterone propionate did not. Chang and Eck (1952) found that the 
dosage of testosterone propionate used by Gardner was sufficient to prevent 
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hyperactivity of the pituitary and concluded that some factors other than over- 
production of gonadotrophins must be responsible for the occurrence of ovarian 
tumours in X-rayed animals. 

We desired to know whether the administration of sex hormones would prevent 
the induction of ovarian tumours in IF mice by DMB, so the following experiments 
were performed. 


E. The influence of sex hormone administration concurrently with DMB treatment 


(i) DMB alone.—Seven young adult female “ CIF” virgin mice were given 
DMB to see whether these mice were susceptible to ovarian tumour production. 

The results are given in Table V. The mice survived an average of 7-3 months 
of treatment (range 6 to 9 months). Two of these mice developed large granulosa- 
cell tumours of the ovary after 6-8 months. One of them also had a breast tumour. 
Two of the mice without ovarian tumours had breast tumours. Sections of the 
non-tumorous ovaries showed large pigmented cells, but no follicles or corpora 
lutea. 


TaBLE V.—Influence of Sex Hormone Administration on the Incidence of 


Tumours induced with DMB 
Number with Number with Number 
granulosa-cell ovarian cysts with breast 
Mice at risk tumours only tumours Survival 
(fortnightly) No. Strain +N N —-N % +N N -N % % 

DMB - “CIF”. 2 0 8 0 0 0 @. 73 
DMB 
+Oestrogn . 7 “CIF”. 1 3 0 57 . 0 1 0 2 28 7-7 
DMB 43 8 2 330 (77 6-7 
DMB 
+progesterone . 20 IF .1 3 2 30 0 0 0 0 . 9 45 4-7 
DMB 
+testosterone . 13 2. 2.8 8.2 1 4-7 


(ii) Oestrogen alone—Nine virgin female ‘‘CIF”’ mice were treated with 
0-2 per cent stilboestrol dipropionate in olive oil for 11-5 months. None developed 
granulosa-cell tumours, but one small ovarian cyst was fund. No breast tumours 
were encountered in these mice. Histologically their ovaries were seen to contain 
some follicles, but few or no corpora lutea. 

(iii) Oestrogen and DM B.—Seven young adult virgin ““ CIF ”’ mice were painted 
in the usual way with olive oil containing 0-5 per cent DMB and 0-02 per cent 
stilboestrol dipropionate. Treatment was continued until the mice died or were 
killed because of their poor condition. 

As will be seen from Table V the mice survived an average of 7-7 months 
(range 5-5 to 10-5 months) of treatment. Two of the 7 mice died after 5-5 months 
and had no ovarian tumours, but 1 had a breast tumour. Four mice dying after 
6-5, 6-8, 9-5 and 9-5 months respectively had granulosa-cell tumours in one ovary. 
The earliest of these tumours measured approximately 2-5 cm. in diameter ; 
the other 3 were only detectable by slight inequality of the ovaries but they were 
confirmed histologically. One of these mice also had a breast tumour. The seventh 
mouse dying after 10-5 months had a small cyst in one ovary. Thus 4 out of 7 
mice at risk developed granulosa-cell tumours of the ovary after a mean time of 
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8 months’ treatment with DMB and stilboestrol dipropionate simultaneously. | 
Non-tumorous ovaries contained pigmented cells and were devoid of developing 
follicles and corpora lutea. 

It appears from the above results that oestrogen administration concurrently 
with DMB treatment does not inhibit the production of granulosa-cell tumours of 
the ovary. 

(iv) Progesterone and DMB.—In this experiment 20 pure line IF mice were 
painted fortnightly with olive oil containing 0-5 per cent DMB and 2 per cent 
progesterone. 

The survival of these mice was not good. Many of them developed lymphomata 
and others had extensive liver necrosis. The mean survival time was 4-7 months 
(range 4 to 5-5 months). Six of these mice developed granulosa-cell tumours. 
One was large, three detected by inequality in size of the ovaries, and two were 
only detected microscopically. Nine mice developed breast tumours. In the non- 
tumorous ovaries only corpora lutea, atretic follicles and some large cells were 
seen. 

It appears then that concurrent administration of progesterone does not prevent 
the induction of ovarian tumours by DMB. 

(v) Androgen and DMB.—Thirteen pure IF strain virgin female mice were 
used in this experiment. They were painted fortnightly with olive oil containing 
0-5 per cent DMB and | per cent testosterone propionate. 

These mice were also poor survivors, the mean survival time being 4-7 months 
(range 3-5 to 7-5 months). About half of them developed paralysis of the hind 
legs, from which some recovered, but were found to have enlarged axillary or 
abdominal lymph nodes at autopsy. In spite of the short survival, 3 mice developed 
granulosa-cell tumours. One, in a mouse which died after 4-5 months’ treatment, 
was very large, but the other 2 were only detected microscopically. One of the 
latter was in a mouse which had received only 3-5 months’ treatment and was the 
earliest tumour ever seen in DMB-treated mice. The non-tumorous ovaries 
showed diffuse luteinisation with a few atretic follicles. One mouse had a cystic 
ovary. Two mice developed breast tumours, one of these being the mouse with 
the earliest ovarian tumour. 

Concurrent administration of androgen does not prevent the induction of 
ovarian tumours by DMB. 

It has previously been shown that breeding and lactation exerts a protective 
effect against the production of breast tumours in IF mice treated with an oily 
solution of MC as in the above experiments (Marchant, 1955). In view of the 
production of profound changes in the ovaries of mice by DMB it was decided to 
determine what effect DMB treatment would have on breeding mice. 


F. The effect of DMB on breeding mice 

(i) Fortnightly treatment of breeding IF mice with DMB.—Fifteen female 
IF mice between 2 and 3 months of age were mated in individual boxes and allowed 
to breed indefinitely. After the first litter had been suckled, DMB paintings were 
commenced. Further litters were noted when they occurred. 

One of the 15 treated mice did not produce another litter, 4 produced | litter 
each, 4 produced 2 litters and 6 produced 3 further litters. No litters were born 
more than 66 days after the first DMB painting. All the mice had ceased to breed 
by the age of 5 months, whereas normal mice of this strain can be expected to 
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continue breeding until at least twice this age. No abnormalities were noted 
amongst the offspring, but they were not kept after weaning age. 

The ovaries of 9 of the 15 mice, which survived from 4-5 to 7 months (mean 6 
months) of the treatment with DMB, were studied histologically. Small granulosa 
cell tumours were detected in only 2 cases. Other ovaries were very atrophied and 
did not contain ova or follicles other than atretic ones. The general picture was 
similar to that of ovaries of virgin mice treated for a similar period. Breast tumours 
occurred in 2 of the 9 surviving mice treated with DMB, both of which had 3 
litters after DMB painting, and these 2 mice were the ones in which the ovarian 
tumours were detected. 

Table VI compares these mice with virgin mice treated with DMB and with 
breeders and virgins treated with MC in earlier experiments (Marchant, 1955). 
A x? test on these data showed that breeding did not lower the incidence of 
granulosa-cell tumours in IF mice treated with MC, and in those treated with 
DMB it was not lowered significantly (P > 0-1). On the other hand, breeding did 
lower the incidence of breast tumours significantly in mice treated with either 
carcinogen (P < 0-01 in both cases). 


TaBLeE VI.—Incidence of Tumours in Virgin and Breeding IF Mice Treated with 


MC or DMB 
Mean 
number Number 
litters Number with Number with with 
after granulosa-cell ovarian cysts breast 
Mice at risk Ist tumours of ovary only tumours Sur- 
ment No. Strain (range) +N N -N % +N N -N % % (months) 
MC .19 VirginIF . 0 5 W 
MC .11 Breeding . 3(1-5) . 0 O O 0 0 0 
IF 
DMB. 43 VirginIF . 0 -ll 6 9 60 Se & © 2.33 77. 6-7 
DMB. 9 Breeding . 2(0-3) . 0 2 2 0 0 © 
IF 


Both hydrocarbons have a marked carcinogenic effect on the breast of virgin 
IF, but DMB produces significantly more granulosa-cell tumours of the ovary 
than MC (P < 0-01). 

(ii) A single treatment of breeding albino mice with DM B.—In this experiment 
13 outbred albino mice were mated 2 or 3 females to 1 male in a box. All the females 
received a single painting of DMB either before or after producing their first litter. 
The males were not removed. 

Since it was not always certain which mouse produced which litter, only the 
totals are given. These 13 mice produced 27 litters in all after the DMB treatment, 
a mean of 2-1 litters each. The latest litter was produced 6-5 months after the 
painting. Mice of this stock often produce as many as 10 litters with a large 
average number in each litter, so fertility was certainly reduced. At the time of 
writing 6 of these mice have died with breast tumours, but none had ovarian 
tumours. 

(iii) Fortnightly treatment of breeding albino mice with 2: 7-1: 2 DMB (non- 
carcinogenic).—In this experiment 16 breeding albino mice were treated once a 
fortnight with a 0-5 per cent solution of the non-carcinogenic 2 : 7-dimethyl-1 : 2- 
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benzanthracene to see whether this substance had any effect on fertility. The mice 
were mated with 2 females to 1 male. 

After the first painting a total of 77 litters was produced by the 16 mice with 
a mean of 4-8 litters each. By this time it was obvious that breeding had not been 
reduced and the males were removed from the females 5-5 months after the first 
painting. The females are still under observation. 


Taste VII.—Effect of DMB on Fertility of Mice 


Time of last 
Mice used Mean number litter (from 
— litters after Ist painting) 
Treatment No. Strain painting (months) 
DMB fortnightly 15 IF 2 2} 
DMB once . . 13 Outbred albino . 2-1 ‘ 63 
2-7-DM-1-2-B fortnightly . 16 Outbred albino . 


4-8 » 6 
(male removed) (male removed) 


Table VII summarises the results of these experiments with DMB on fertility. 

It is seen that, whereas a single painting of 9 : 10-dimethyl-1 : 2-benzanthracene 
(DMB) was capable of reducing the fertility of breeding albino stock females, 
continuous fortnightly paintings of 2 : 7-dimethyl-1 : 2-benzanthracene had no 
apparent effect. IF mice treated fortnightly with DMB no longer produced litters 
after 2} months from the first treatment. 


DISCUSSION 


The effect of DMB treatment on mouse ovaries 


It is evident from Experiment C above that the histological changes which 
took place in the ovaries of mice treated with DMB were very similar to those 
occurring after X-radiation, as described by Traut and Butterworth (1937). 
After both, ova degenerated, then granulosa cells and finally lutein cells much 
more slowly. Then the germinal epithelium hypertrophied. Granulosa-cell 
tumours probably arose fairly early, apparently from surviving granulosa cells 
in a partially degenerated follicle. Unlike the X-rayed ovaries, however, those 
subjected to the influence of DMB did not show any tendency to produce luteomas. 

Although the incidence of tumours after DMB varied so greatly in the different 
strains of mice used (Experiment A), the degenerative changes occurred in all 
strains and were very similar. This would appear to indicate that tumour 
production by DMB is not mediated through the hormonal imbalance which must 
eventually result from these degenerative effects. 

There appears to be some variability in incidence of ovarian tumours in two 
different strains of mice subjected to X-rays (Miihlbock 195la), granulosa-cell 
tumours being obtained in the Little dilute-brown strain, but not in the C57 
Black. 

The primary action of DMB on mouse ovaries seems to be oocyte destruction, 
and this is also the primary action of X-rays on the ovary. It has also been found 
(Little et al., 1951) that the other method of inducing ovarian tumours, by intra- 
splenic grafting, appears to affect permanently the ability of the ovary to produce 
viable ova. 
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Minimum dose of DMB required to induce ovarian tumours 

Experiment D shows that only one treatment with DMB was sufficient to 
obtain some tumours. If one discounts the mice which died from infectious 
disease, it would seem that the yield of tumours after small numbers of paintings 
was good and the mice survived longer. It is possible, however, that the induction 
time was longer after fewer paintings. 


Secretory activity of tumour tissue 

Many of the granulosa-cell tumours induced by DMB apparently secreted 
oestrogen and gave oestrus vaginal smears. To some extent the oestrogenic 
activity of the tumours was probably related to their size, for in some cases the 
oestrus smears were preceded by a long phase of dioestrus during which the tumour 
was presumably present and growing (Fig. 13). But a small number of large 


Oestrus Sizeof 
history tumourous N (4) 


ovaries +N 


777, 


Increasin 
oestrus 


Dioestrus 
followed 
by oestrus 


Months 
DMB 
Fic. 13.—Relationship between oestrus history, duration of DMB treatment and size of 


tumorous ovaries. 
Each rectangle represents one dead mouse with an ovarian tumour. 


tumours were not associated with oestrus vaginal smears. These non-oestrogenic 
tumours were not histologically different from oestrogenic ones. 

The fact that granulosa-cell tumours are usually, but not always, associated 
with oestrus vaginal smears has been noted by other authors (Biskind and Biskind, 
1949) in tumours arising from intrasplenic grafts. 


The effect of simultaneous sex hormone administration on tumour induction by DMB 


It is evident from Experiment E that the amounts of stilboestrol dipropionate, 
progesterone or testosterone propionate administered along with DMB did not 
prevent the induction of ovarian tumours by the carcinogen in mice of IF stock. 
This is different from the experience of authors inducing ovarian tumours by 
X-rays or intrasplenic grafting, for in both cases oestrogens (and, in the case of 
intrasplenic grafting, testosterone also) prevented their appearance (Li and Gardner 
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1949 ; Gardner, 1950). In Experiment E the amount of stilboestrol administered 
was sufficient to suppress luteinisation in normal mice, but there was no reduction 
in ovarian tumour incidence in mice given the oestrogen together with DMB. 
It seems that DMB can induce ovarian tumours by some action apart from its 
interference with the sex-hormone balance of the animals. 


Comparison of the carcinogenic effects of DMB and MC 

Experiment B indicates that the fortnightly treatment of virgin mice of IF 
stock with MC does affect the ovaries, as well as producing the high incidence of 
breast tumours previously reported by Orr (1946). However, significantly fewer 
lesions were produced after MC treatment which were identical with the small 
granulosa-cell tumours seen after DMB treatment. No large ovarian tumours 
were formed and the atrophic changes did not proceed so rapidly as with DMB. 
It seems then that DMB is more powerful in its carcinogenic effect on the ovaries 
of the IF mice than MC, while they are to all intents and purposes equally effective 
on the breasts. 

Experiment F showed that breeding significantly lowered the incidence of 
breast tumours in IF mice treated with either carcinogen. Although breeding 
did not significantly lower the incidence of ovarian tumours after DMB treatment 
it is interesting that, in the breeding mice only those which had developed ovarian 
tumours also developed breast tumours. 


The influence of DMB on fertility 
Although DMB seemed to be really effective in inducing ovarian tumours 
only in mice of IF origin, it did have a marked sterilising effect on the ovaries of 


all the mouse strains used in these experiments, producing degeneration of ova 
and follicles, followed by disappearance of corpora lutea. It did not affect rat 
ovaries, however, in a series of experiments carried out in this department. 

The Experiment, F in which DMB was given to breeding IF mice, showed 
similar results. After 66 days from the commencement of treatment, no further 
litters were produced. There is no reason to believe that similar sterilising effects 
would not be achieved in other strains of mice with DMB as a result of its destructive 
effect on ova. 

Experiment F also shows that the non-carcinogenic 2: 7-dimethyl-1 : 2- 
benzanthracene, which differs from the carcinogenic 9: 10-dimethyl-1 : 2- 
benzanthracene (DMB) only in the positions of the two methyl groups, has no 
deleterious effect on the breasts or ovaries of mice. 


SUMMARY 


1. A study has been made of the induction of granulosa-cell tumours of the 
ovary in mice of various strains by fortnightly painting with a solution of 0-5 
per cent 9: 10-dimethyl-1 : 2-benzanthracene (DMB) in olive oil. 

2. Whereas an incidence of 40 to 70 per cent of granulosa-cell tumours is 
found in mice of the IF strain and F, hybrids of this strain, the following incidences 
were obtained in other strains : C57 Bl—11 per cent, outbred albino—18 per cent, 
and none in A or C3H. 

3. No normal ovaries were found in any mice which received DMB treatment. 
After 4 months’ treatment all ova had degenerated and developing follicles disap- 
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peared. Corpora lutea disappeared about two months later, leaving an atrophied 
ovary with a prominent germinal epithelium in non-tumorous ovaries. This 
applied to all the strains of mouse except the A strain in which the changes lagged 
about two months behind. 

4. Ovaries of IF mice similarly treated with 0-5 per cent 20-methylcholanthrene 
in olive oil showed less-marked but similar changes, and a small number of ovarian 
tumours was found on histological examination. 

5. Only one treatment with DMB was necessary to induce granulosa-cell 
tumours in mice of IF origin. 

6. The administration of the following sex hormones simultaneously with the 
0-5 per cent DMB did not prevent the induction of granulosa-cell tumours in mice 
of the IF strain and related hybrids: 0-02 per cent stilboestrol dipropionate, 
2 per cent progesterone, and 1 per cent testosterone propionate—all administered 
in the olive oil containing the DMB. 

7. Breeding significantly lowered the incidence of breast tumours in IF mice 
treated with DMB, tumours only occurring in those mice which also had ovarian 
tumours. 

8. The fortnightly DMB treatment of breeding IF mice rendered them sterile in 
a little over 2 months. A single treatment with DMB markedly reduced the 
fertility of breeding albino stock mice, but fortnightly treatment of similar mice 
with 0-5 per cent 2 : 7-dimethyl-1 : 2-benzanthracene had no apparent effect on 


breeding. 
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LOOSE-BINDING OF 3,4-BENZPYRENE TO MOUSE EPIDERMIS 
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In recent years there has been much interest in the binding of derivatives of 
polycyclic aromatic hydrocarbons by chemical bonds to the proteins of mouse 
skin. Heidelberger and Moldenhauer (1956), reported an excellent correlation 
between the extent of protein-binding and the carcinogenicity of seven of eight 
hydrocarbons. On the other hand, Hadler, Darchun and Lee (1957), came to the 
conclusion that there is no experimental evidence of a relationship between 
protein-binding and carcinogenicity that is specific to carcinogenesis; thus 
supporting an earlier conclusion of Woodhouse (1954, 1955). Reference to earlier 
work may be found by consulting these papers. Obviously, more information 
is needed to verify the hypothesis that this form of protein-binding is essential to 
the production of tumours. 

An alternative hypothesis is that which supposes that the formation of mole- 
cular or adsorption complexes might be involved in carcinogenesis. Fieser and 
Fieser (1950), after discussing the ability of carcinogenic hydrocarbons to form 
molecular complexes with various substances, speculated that carcinogenic 
hydrocarbons may be selectively adsorbed at oriented positions on the cell surface, 
and that the flat nature of the hydrocarbon molecule might be important in this 
process. Druckrey, Schmihl and Danneberg (1952) noted that the possession of 
a planar configuration by many dyes appeared to be a factor in determining the 
intensity of adsorption of a dye to a surface. These authors stressed the likely 
importance of adsorption of carcinogenic hydrocarbons which possess also a 
planar configuration. Recently, Haddow (1957) has commented on the fact that 
the purine-pyrimidine bonded pairs of the Crick-Watson model of nucleic acid 
are planar structures of approximately the same order of size as the carcinogenic 
hydrocarbons. 

The reactions of polycyclic hydrocarbons with macromolecules have been 
reviewed by Alexander (1954). The solubilizing effect of aqueous solutions of 
purines, nucleosides and nucleotides, on various polycyclic aromatic hydrocarbons, 
including benzpyrene, was interpreted by Weil-Malherbe (1946), as being due to 
molecular complex formation. Booth and Boyland (1953) made the interesting 
observation that solutions of sodium deoxyribonucleate dissolved carcinogenic 
dibenzcarbazoles and dibenzacridines. According to these authors and to Boyland, 
Booth and Orr (1954) the ability of solutions of purines to dissolve polycyclic 
hydrocarbons and aromatic nitrogenous substances is due to the formation of 
molecular complexes. Brigando (1956) using surface tension measurements 
claimed that the affinity of various carcinogenic and non-carcinogenic substances 
for yeast nucleic acid was parallel to their carcinogenicity. 


A preliminary account of this work was read before the Canadian Physiological Society, at Montreal, 
Canada, on October 19, 1956. 
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The association of benzpyrene with serum proteins was first investigated by 
Wunderly and Petzold (1952). More recently, Chalmers (1955) found benzpyrene 
associated with the f-lipoprotein of rat serum following the intravenous adminis- 
tration of a colloidal suspension of the hydrocarbon. 

These observations suggested to us the possibility that benzpyrene might form 
a loose association with epidermal constituents in the mouse. In this paper we 
report that such is the case. 


MATERIALS AND METHODS 


Mice.—The animals used in these experiments were from our colony, and were 
inbred strain I male mice, 2 to 4 months old. 

Chemicals.—The agent used to immobilize mice during their treatment with 
the carcinogenic hydrocarbon was Meprobamate (Miltown, obtained from Wallace 
Laboratories, New Brunswick, New Jersey). A solution was prepared which 
consisted of 0-9 per cent Miltown (weight/volume) dissolved in 5 per cent aqueous 
gum acacia (weight/volume). The solution was administered by intraperitoneal 
injection to provide 0-450 g. of Miltown per kg. of body weight. 

3,4-Benzpyrene was obtained from Distillation Products Industries, Rochester, 
New York. A 0-25 per cent (weight/volume) solution in acetone (reagent grade) 
was prepared. 

Solvents were distilled and checked for freedom from fluorescence, and from 
impurities which might interfere with measurements of light absorbance. In 
order to avoid the introduction of such impurities, all operations were conducted in 
glass apparatus without the use of cork, or rubber stoppers, or lubricants. Petro- 
leum ether, boiling range 30—60° C., was dried over metallic sodium and was then 
distilled. 

Application of hydrocarbon.—Each mouse was immobilized by the administra- 
tion of Miltown as described above. Hair was removed from the back of the 
animal with the aid of electric clippers. Using the techniques described in an 
earlier report (McCarter, 1956) benzpyrene dissolved in acetone was applied to 
one or more circular areas on the skin of the back. The area of the circle was 
2-79 + 0-30 (S.D.) em.? At the end of a predetermined interval, excess of the 
hydrocarbon remaining on the skin was removed by washing with diethyl ether 
(McCarter, 1956). 

Analysis.—The mouse was killed and the dosed circle of skin with a wide 
margin, was excised. In some experiments the epidermis was separated from the 
dermis by scraping the tightly-stretched skin (Van Scott, 1952). In other experi- 
ments, the epidermis was separated by soaking the skin in N/3 ammonium 
hydroxide (Baumberger, Suntzeff and Cowdry, 1942). 

The tissue was dried in vacuo over phosphorus pentoxide to constant weight. 
It was then extracted in a Soxhlet apparatus with dry petroleum ether unti! 
inability to extract fluorescent material into fresh petroleum ether in 6 to 8 hours 
indicated that extraction was complete. Fluorescence was measured at the highest 
sensitivity of the Coleman Model 12 B Photofluorometer, using the B-1 and PC-1 
filters. 

When extraction was complete, the petroleum ether was replaced by 95 pei 
cent ethanol. This solvent invariably extracted fluorescent material from the 
skin. When extraction was complete the alcohol extracts were evaporated to a 
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volume of 10 ml., 0-2 g. of potassium hydroxide was added and the mixture was 
heated in order to saponify lipid material. After saponification, the mixture 
was diluted with water and extracted repeatedly with petroleum ether. The 
combined petroleum ether extracts were then evaporated to dryness under 
reduced pressure. Finally, the residue was dissolved in 95 per cent ethanol to 
make a solution hereafter called the “ non-saponifiable fraction ’’. Absorption 
spectra of the non-saponifiable fraction were measured in the Beckman DU 
spectrophotometer, using silica cells having a 10 cm. light path. 

Fluorescence spectra were measured using the same spectrophotometer and the 
fluorometer attachment described by McCarter (1957). 


RESULTS 


In a typical experiment using the procedures described above, two circles of 
skin on the back of each of 7 mice were exposed to benzpyrene for 6 hours. The 
epidermis was separated by the stretch method and was pooled and analyzed 
for its content of loosely-bound benzpyrene. A group of 7 mice to whose skin 
acetone only was applied, provided control material which was treated similarly. 

The absorption spectrum of the non-saponifiable fraction of the treated epidermis 
was measured relative to that of the same fraction obtained from the control 
group. The positions of the maxima and minima in the spectrum and the relative 
absorbances of the maxima are compared with those of authentic benzpyrene 
in Table I. 


TABLE I.—Comparison of Absorption Spectra of Authentic Benzpyrene (BP) and 


Non-saponifiable Fraction of Benzpyrene-treated Skin (NSF) 
ini i 


BP NSF 


406 406 


* Ah = absorbance at wavelength recorded in adjacent column at left. A.,,; = absorbance at 
297 mu. 


The fluorescence spectrum of the treated sample was identical with that of 
authentic benzpyrene with maxima at 408, 432 and 460 millimicrons. 

These data show that benzpyrene was extracted by ethanol from dosed 
epidermis that had been previously extracted, exhaustively, with petroleum ether. 
Similar results were obtained when the epidermis was separated by the use of 
N/3 ammonium hydroxide. 


Variation in amount of loosely-bound benzpyrene with duration of exposure 


The amounts of loosely-bound benzpyrene in the skin were determined 1, 2, 4 
and 6 hours after the application of the hydrocarbon to the skin. For each analysis 
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two circles of skin on the back of each of 6 mice were exposed, excised, pooled and 
analyzed. In these experiments the epidermis was not separated but the full 
thickness of the skin was employed. 

The amount of benzpyrene in the extracts was calculated from absorbance 
measurements at 385 my [log E at 385 mu = 4-48 (Jones, 1942)]. The data were 
corrected for losses of benzpyrene in the extraction procedure. Experiments 
showed that 80 to 82 per cent of benzpyrene added to mouse skin could be recovered 
in the analytical procedure. The means and standard errors of three experiments 
are recorded in Fig. 1. 


0-2- 
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Fic. 1.—Variation of amount of loosely-bound benzpyrene with duration of exposure. The means 
and standard errors of three experiments are recorded. 


DISCUSSION 


The data reported in this paper demonstrate that, following its application to 
the skin of the mouse, benzpyrene forms a loose association with epidermal con- 
stituents. Under anhydrous conditions the hydrocarbon cannot be completely 
extracted from the skin with petroleum ether but is readily extracted with ethanol. 
Not all of the benzpyrene that enters the skin is loosely-bound. It may be calculated 
from data reported earlier (McCarter, 1956), that the total amount of benzpyrene 
in the skin of the strain I male mouse one hour after the application of the hydro- 
carbon, is 0-35 wg. per cm.?, whereas, the amount of benzpyrene loosely-bound 
in the skin under identical conditions is approximately 0-055 wg. per cm.? 

It might be argued that some benzpyrene is left in the skin by the petroleum 
ether because the solvent, being immiscible with water, fails to penetrate the tissue 
completely. This appears to be an unlikely explanation, because we have found 
that unless the tissue is dried to constant weight in vacuo over P,O,; and an 
anhydrous non-polar solvent is used (benzene may be used instead of petroleum 
ether), some or all of the loosely-bound hydrocarbon is extracted. 

A more likely explanation for the finding that petroleum ether fails to extract 
benzpyrene completely from skin is that the hydrocarbon is linked to epidermal 
constituents by weak forces in a complex which is stable toward non-polar 
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solvents but is broken by polar solvents. Chalmers (1955) reported the similar 
behaviour of benzpyrene associated with the /-lipoprotein of serum. 

Studies are being undertaken to learn the nature of the substances to which 
the hydrocarbon is loosely-bound. 


SUMMARY 


Following its application to the skin of the mouse, benzpyrene becomes 
partly associated with epidermal constituents. Under anhydrous conditions, the 
hydrocarbon cannot be completely extracted with petroleum ether. Subsequent 
treatment with ethanol frees the loosely-bound benzpyrene. 


One of us (J. A. McC.) is the recipient of a grant from the National Cancer 
Institute of Canada, to whom grateful acknowledgment is made. 
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THE inhibitory effect of a reduction in body weight on tumour genesis and 
growth in experimental animals has been studied for some years. A reduction 
in caloric intake has been shown to inhibit the growth of Sarcoma 180 in mice 
(Bischoff and Long, 1938). Variations in the constituents of the diet have shown 
that a reduction in fat or protein has no inhibitory effect, and variations in 
vitamin content have produced a diversity of results with few instances of any 
inhibitory effects. This literature has been comprehensively summarised by 
Tannenbaum and _ Silverstone (1953). Complete regressions were rare 
(Tannenbaum, 1940) and Tannenbaum and Silverstone (1953) stated that under- 
feeding or caloric restriction did not appear to be a successful means of controlling 
the growth of tumours. Barvick and Goodson (1954) showed that food restriction 
for 24 to 48 hour periods produced no significant inhibition of Sarcoma 180, 
and in mice on total starvation the tumour sizes at death (5 days) were one-third 
that of the controls. 

The present study, with a squamous-celled carcinoma in mice, shows a high 
proportion of regressions resulting from underfeeding, and relates the effect to 
the degree of differentiation of the tumour. 


MATERIALS AND METHODS 


The tumour used in this study was a homologous squamous-celled carcinoma 
in RIII strain mice. Sarcoma 37 in RIII strain mice was also used in a few 
parallel experiments. The mice used in each experiment were inoculated sub- 
cutaneously in the right flank with portions about 1 mm*. taken from the cortex 
of one parent tumour. The transplants became measurable (about 18 mm.’) 
about seven days after implantation, and were then divided into two groups—each 
group containing at least ten mice. The control group received water and diet 
41* ad lib., the treated group received water ad lib. and a proportion of the 
estimated normal consumption of diet 41. It was found that 2 g. per day for 
each female and 3 g. per day for each male mouse resulted in a loss in body weight 
of from 20 to 25 per cent. This degree of starvation was the maximum attempted 
in this series of experiments. The mice in both groups were kept four or five 
to a cage ; the individual weight variations were found to be consistent throughout 
the groups, consequently no attempt was made to use individual cages. 


* The tage composition of diet 41 (Bruce, 1950) is as follows : Wholemeal flour 46, ground 
oats 40, white fish meal 8, dried yeast 1, dried skimmed milk 3, cod-liver oil 1, sodium chloride 1. 
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The tumours were measured by calipers and the area taken as the product 
of the major and minor axes. This value serves for comparing tumour growth 
rates, but does not represent absolute tumour size. All tumours used in an 
experiment were fixed in Susa, and stained with haematoxylin and eosin. The 
control tumours were fixed when the average size had reached about 120 mm. ; 
the tumours from mice on a restricted diet were fixed after about twenty-five days. 


RESULTS 


Fig. 1 illustrates the tumour sizes in a typical experiment containing twenty 
mice in each group. Fig. 2 represents the average tumour sizes related to body 
weight changes in control and treated groups in another experiment also 
containing twenty mice in each group. In Fig. 1 it can be seen that six tumours 


CONTROL REDUCED DIET INTAKE 
O DAYS I3 DAYS ODAYS 13 DAYS 25 DAYS 


* 


Fic. 1.—The effect of a reduced diet intake producing a body weight loss of 22 per cent, on 
individual tumour sizes of a squamous-celled carcinoma in female RIII strain mice. 


* Mice died from Salmonella infection. 


in the treated group regressed completely, and histological examination failed 
to show the presence of any malignant cells. The tumours from the treated 
group at twenty-five days showed very small areas of malignant tissue, the bulk 
consisting of keratin pearls and differentiating cells. Typical proportions of 
malignant tissue in control and treated tumours of comparable size are illustrated 
in Fig. 4 and 5. In the experiment represented in Fig. 2, four tumours regressed 
and three others were regressing and consisted almost entirely of keratin pearls 
with malignant tissue areas reduced to a very small proportion of the whole. 
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Spontaneous regressions in this tumour occur at an incidence of about 4 per cent. 
In experiments in which the food intake was reduced to a lesser extent the degree 
of inhibition varied with the body weight loss (Fig. 3). 

The histological examination of this tumour indicated that one effect associated 
with a reduction in diet intake was an increase in the degree of differentiation. 
In typical control tumours of about 80 mm.? in area, actively dividing tissue was 
found in most parts of the tumour, with areas of keratin pearl formation restricted 


120% 


AVERAGE TUMOUR AREA 
mM? 


CONTROL 


*---* REDUCED DIET INTAKE 


AVERAGE 


DAYS AFTER COMMENCEMENT OF EXPERIMENT 


Fie. 2.—The effect of a reduced diet intake on the average size of a 
squamous-celled carcinoma in male RIII strain mice. 


to certain regions (Fig. 4). Postmitotic cells which differentiated to form the 
keratin pearls were not usually found in the malignant regions of the tumour. 
The differentiating cells were recognised by an increase in the proportion of cyto- 
plasm to nucleus, and a decrease in the basophilia of the cytoplasm. In tumours 
growing in mice on a restricted diet the malignant regions were confined almost 
entirely to the periphery of the tumour (Fig. 5). 


DISCUSSION 
It is suggested that the maintenance of the malignant condition of the cells 
of this tumour depended on the concentration of a substance or substances in 
the blood. If this concentration is reduced below a certain level the mitotic 
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malignant cells pass into a postmitotic differentiating condition. The presence 
of differentiating cells in certain regions of control tumours and the restriction 
of mitotic cells to the periphery of treated tumours suggests local variations in 
the vascularity of the tumours. Experiments have been conducted to determine 
the effects of underfeeding on the establishment of transplants of this tumour. 
Preliminary results indicated that the establishment and early growth were not 
affected ; these experiments are to be published in greater detail. 

Parallel experiments on a heterologous undifferentiated tumour—Sarcoma 
37—have shown that a significant inhibition was produced by a reduction in 
food intake, but no regressions occurred and a resumption of normal growth 
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Fic. 3.—The relationships between tumour growth inhibition of a squamous-celled carcinoma 
in RIII strain mice and loss in body weight, under conditions of a reduced diet intake and 
in chemotherapeutic trials of benzoqinone-dioxime and other compounds. 


rate occurred rapidly on the resumption of ad lib. feeding. No histological 
differences between tumours of wholly or partially fed animals have been found 
in these experiments. 


Implications for experimental chemotherapy 

In the course of chemotherapeutic trials in which the drug under consideration 
was incorporated in the normal diet, a loss in body weight of the treated animals 
has been frequently encountered. This weight loss has been related to a reduced 
diet intake due either to the unpalatability of the drug or its general toxic effect. 
The inhibitory effect of this weight loss on tumour growth was usually sufficient 
to mask any selective inhibitory action by the drug. If sufficient data were 
available for any tumour relating the degree of inhibition to proportionate weight 
loss, then it might be possible to detect a selective inhibitory effect by the drug. 
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Fig. 3 represents the relationships between weight loss and inhibition for the 
squamous-celled carcinoma used in this study, under conditions of partial starva- 
tion and in chemotherapeutic trials. It can be seen that the results from the 
benzoquinone-dioxime trials were consistent and that the degree of inhibition 
was greater than with animals on a reduced diet for a similar degree of weight 
loss. Animals fed with other compounds and tested on this tumour showed a 
relationship between weight loss and inhibition similar to that for animals on 
a restricted diet intake. In Fig. 3 the inhibition is calculated as a percentage 
difference, between control and treated groups, of the increase in tumour size 
over the period of the experiment, expressed in terms of average tumour area. 
The percentage loss in weight took into account any variations in the average 
control weights, and was calculated as a percentage of the average starting 
weights of the two groups ; in this way it was found that the calculated weight 
loss was consistent for either male or female mice. 


SUMMARY 


(1) The effects of a reduction in diet intake on the growth of a squamous- 
celled carcinoma have been studied. 

(2) A substantial inhibitory effect with a high proportion of complete 
regressions was observed. 

(3) The marked inhibitory effect is related to an increase in the degree of 
differentiation of the tumour. 

(4) The consistent relationship between the degree of body weight loss and 


tumour inhibition is discussed in connection with experimental chemotherapy. 


My thanks are due to Mr. F. W. Butcher for assistance with the animal 
experiments and to Mr. D. Astwood for assistance with the chemical preparations. 

The expenses of this research were defrayed from a block grant by the British 
Empire Cancer Campaign. 
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EXPLANATION OF PLATE 
Fixed in Susa fixative and stained with haematoxylin and eosin. 


Fic. 4.—Section through centre of control tumour. x 8. 

Fic. 5.—Section through centre of tumour in mouse on reduced diet intake. x 10. 

Fie. 6.—Cortical region of control tumour in an area of differentiation and keratin pearl forma- 
tion. x 80. 


Fic. 7.—Cortical region of tumour under the influence of reduced diet intake in an area where 
viable cells are present ; showing extensive differentiation and formation of keratin pearls. 
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Tue Yoshida ascites sarcoma develops in the abdominal cavity of rats, form- 
ing an ascites fluid with free sarcoma cells numbering 300,000-500,000 cells 
per mm*. The transplantation is done by injecting this fluid into the peritoneal 
cavity of healthy rats and the transplantation rate is approximately 96 per cent 
(Kaziwara, Isaka, Sakai, 1952). This very high rate has led to an interesting 
observation at our institute. Over a long period of time transplantations had 
always been successful apart from two. These had been performed by an untrained 
assistant and the author was therefore led to assume that the injections had been 
made too deeply in the peritoneal cavity and that the injected ascites fluid had 
been deposited somewhere in the intestinal canal. This matter gained further 
significance when the two rats proved resistant to repeated intraperitoneal 
injections. As the caecum of the rat is that part of the intestine which must be 
considered to be the most liable to be exposed when intraperitoneal injections are 
performed it seemed reasonable to try the effect of intracaecal injections of 
ascites sarcoma fluid. 


METHODS 


Rats of the State Vitamin Laboratory strain have been employed, kept on a 
standard diet. 

The intracaecal injections have been done by laparotomy, injecting 0-5 ml. 
ascites fluid, under ether anaesthesia. To test the effect, intraperitoneal injections 
were performed after various periods of time. 


Determination of antibody titre by the morphological method 

Antibodies in serum have been shown by the typical morphological reaction 
(oedema of the protoplasm) which occurs when suspended sarcoma cells are 
exposed to the simultaneous actions of antibody and complement. This reaction 
has been described in a previous work (Lund, 1955) dealing with attempts to isolate 
antigen from carcinoma and sarcoma cells. For some time, however, we have 
employed a simplified procedure which will be described in brief. 

Blood is drawn by heart puncture and serum inactivated at 56° C. for 30 
minutes. Ascites sarcoma fluid is diluted with physiological saline in such quanti- 
ties that 1 mm.’ cell suspension contains approximately 600-700 cells. 

To 0-01 ml. of this suspension is added 
0-1 ml. serum (or serum dilution) and 
0-01 ml. fresh guinea-pig serum (complement). 

The contents are shaken regularly and the tubes are placed at room temperature 

and after 30 minutes submitted to microscopical examination. This must be 
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carried out by using a counting-chamber, as it is important to avoid compression 
of the cells. 

The result is given by three grades (weakest positive reactions: ++, strongest 
(i.e. maximum) reaction: +-++-). 


RESULTS 


In the first series of rats intraperitoneal injections were performed 3 weeks 
after the intracaecal injection of ascites sarcoma fluid, the result being that the 
total number of rats thus treated were resistant to this tumour while all controls 
died from the ascites sarcoma. 

Another experiment was made in which the intervals between the intracaecal 
and the intraperitoneal injections were altered, and it was shown that an interval 
of 14 days and upwards is followed by resistance. If the interval is less than 14 
days all the rats will die (Table I). 


TaBLE I.—The Dependence of Resistance upon the Interval between Intracaecal 
and Intraperitoneal Injection of Ascites Sarcoma 


Number of days between 
Rat no. i.c. and i.p. injection of sarcoma 
30 


1 
2 
3 
4 
5 
6 
7 
8 
9 


The period of resistance after the intracaecal injection approximates 3 months, 
but if this injection is followed by 2 or 3 intraperitoneal injections of the tumour 
the duration of this resistance is considerably increased. Rats thus treated have 
proved to be resistant for 10 months after the last intraperitoneal injection. 

Over 50 rats have been treated with intracaecal injections of ascites sarcoma 
and the total number of all these rats have developed resistance towards intra- 
peritoneal transplantations. The resistance has been shown to hold when trans- 
plantations are performed by subcutaneous injection of the tumour. 

This remarkable resistance is due to the formation of a complement-fixing 
antibody which can be demonstrated in the serum of the resistant rats. 


Antibody content of rat serum 

While no antibody towards Yoshida sarcoma cells can be demonstrated in 
the serum of normal rats it is often found in serum 3 weeks after the intracaecal 
injection of sarcoma cells (Table II). 
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TaBLeE II.—The Antibody Titre of Rat Serum towards Yoshida Sarcoma Cells 
3 weeks after Intracaecal Injection of 0-5 ml. Ascites Sarcoma 


Undiluted serum Serum dilution 1 : 10 


After intraperitoneal injections of the tumour in resistant rats a very signifi- 
cant rise of antibody titre occurs. The titre from a good antibody producer will 


be as follows : 


Serum from RRL4: 1/1 ... 1/160 1/320 1/640 1/1280 
Morph. reaction: +++ ... +++ +++ 4++ + 


CONCLUSION 


These experiments show, in the first place, that intracaecal injection of sarcoma 
cells acts as a vaccination, the rats developing resistance towards otherwise 
lethal injections of sarcoma cells—secondly, that this resistance can be referred to the 
formation of a complement-fixing antibody appearing in the serum of these rats. 
That vaccination against infectious diseases can be done by way of the intestinal 
canal is well known—the reader is referred to the very instructive monograph by 
Thomson and Thomson (1948)—but successful enteral vaccination against a 
malignant tumour does not appear to have been described previously. 

The significance of the results here reported first of all seems to be the proof 
that malignant cells (rat sarcoma) do contain antigen which will, under special 
circumstances, in a homologous organism effect the production of a tumour- 
specific antibody. Furthermore, it is of decisive importance to more extensive 
immunological cancer research that we have at our disposal a specific antiserum. 
This applies especially to the experiments with isolation of the specific antigen. 


SUMMARY 


Over 50 rats treated by intracaecal injections of Yoshida ascites sarcoma 
have developed a total resistance to further transplantations of this tumour. 
This resistance is due to the formation of a complement-fixing antibody appearing 
in the serum of these rats. 


Financial aid for this work has been granted by King Christian the Tenth 
Foundation. 
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Previous work (Powell, 1957a, 19576) had shown that Sarcoma 37 and Ehrlich 
carcinoma ascites tumour cells could not be maintained for prolonged periods 
as “ pure ”’ cultures in a state of growth and division in plasma media. The dura- 
tion of survival and incidence of mitosis were found to be proportional to the 
population density of the tumour cells and were determinetl by the concentration 
of protective factors of cellular origin. The failure of the cultured tumour cells 
to grow or survive was attributed to their inability to form the essential substances 
in amounts sufficient to compensate for the loss from the cells to the medium. 

The present researches were undertaken to find out whether this inability 
was quantitative, i.e., the rate of formation by the cells was inadequate, or quali- 
tative, i.e., the tumour cells were innately unable to synthesize the necessary 
substances and were dependent on the products of other types of cells. 


MATERIALS AND METHODS 


To test the first alternative, a method was devised to restict the loss of soluble 
factors and which concurrently permitted access of oxygen and nutrients and 
removal of waste products. 

Ehrlich carcinoma and Sarcoma 37 ascites tumour cells were therefore cultured 
in fine glass capillaries immersed in culture medium. Flat-walied capillaries 
in which the two major longitudinal surfaces were nearly plane and parallel 
were used to allow observation of the enclosed cells with a 1/6th microscope 
objective. The middle portions of 6-in. lengths of clean soft glass tubing 7-8 
mm. internal diameter were softened in a gas flame, pulled slightly and bent 
quickly to bring the softened central portion at right angles to the side pieces. 
This combined pulling and bending resulted in a flattened cross-section of the 
ductile region. Continuing the movement the cross piece was pulled out to 
produce capillary tubing of the required internal dimensions. The latter was 
cut into short lengths and cleaned by the usual methods. 

Earle’s use (Sanford, Earle and Likely, 1948) of plasma for lining glass 
capillaries was adopted but his method of using a capillary pipette for the isolation 
of cells was not applicable for preparing standard cultures with varying but 
controlled numbers of cells. Selected capillary tubing was cut into 3-4 cm. 
lengths and each of these scratched with a glass knife at the desired distance 
from one end. Suitable dimensions of the actual culture capillaries were 
empirically established at about 2-5-3 mm. long, with a flattened ellipsoidal 
cross-section of about 1 by 0-1—-0-2 mm. 
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To prepare the cultures the marked end of a capillary was dipped into fowl 
plasma and quickly removed as the plasma rose just beyond the indicator mark, 
leaving several centimetres of empty tubing. The marked end was then 
immediately dipped in freshly agitated culture medium containing suspended 
tumour cells to fill the capillary completely. The fluid medium rising in the 
capillary displaced the excess fowl plasma but left a thin film of it on the glass. 
This film could be seen in stained preparations when it was slightly loosened at 
the open ends of capillaries. Holding the marked end of a loaded capillary in 
a broad-bladed forceps, the longer part of the tubing was broken off at the mark 
and discarded. The loaded culture capillary was then quickly immersed in cell-free 
culture medium to prevent ingress of air bubbles. 

Fowl plasma was more suitable for lining the capillaries than ascitic tumour 
or rat plasma, or mixtures of these with fowl plasma. The culture medium 
consisted of 40 per cent homologous ascites tumour serum, 40 per cent Earle’s 
saline solution, and 20 per cent of either chick or mouse embryo extract. Inocula 
for the culture capillaries were prepared by serial dilutions of ascites tumour 
fluid with this medium. At high dilutions, quickly made, the small amount of 
plasma present did not hinder the preparation of cell suspensions. 

The tumour cells rapidly settled out from the inoculum and adhered mainly 
to one flat surface of the lining layer of fowl plasma which was clotted by the 
embryo extract in the medium. After allowing 10 minutes for the cells to settle, 
capillaries were removed from the medium and movnted in a film of medium 
on coverslips which were inverted over well slides for inspection before setting 
up definitive cultures. Capillaries were selected to cover a range of total cell 
populations and distributions of cells. They were usually incubated in the wells 
of large cavity slides which were lined with fowl plasma and contained sufficient 
culture medium to cover them. The wells of the slides were covered with mica 
coverslips sealed with wax. Culture capillaries were transferred to fresh medium 
and slides at 48 hour intervals. 

Ascites tumour serum was prepared from fresh plasma coagulated by incubation 
overnight. The preparation of the latter and other media components, assessment 
of ascitic fluid for use as inoculum, and maintenance of Ehrlich carcinoma and 
Sarcoma 37 ascites tumours in vivo in RIII strain mice were carried out 
as described previously (Powell, 1957a). Embryo extract was prepared from 
1l-day chick or 14- to 16-day mouse embryos. Culture capillaries were rinsed 
in Earle’s solution and the cells fixed in Heidenhain’s “Susa ”’ mixture and stained 
with dilute Harris’ haematoxylin. They were mounted under No. 0 coverslips. 


EXPERIMENTAL RESULTS 


Ehrlich carcinoma and Sarcoma 37 ascites tumour cells behaved similarly 
in the capillary cultures. When the majority of the cells lay in contact with 
each other throughout the length of the tubes, the fate of the enclosed cells 
depended on their distance from the open ends. After incubation for 24 hours 
viable cells in such cultures were restricted to within about 1 mm. of the ends. 
The middle zone of degenerated cells varied in length with that of the capillary. 
The living cells were epithelioid in both carcinoma and sarcoma cultures. 
Dividing tumour cells were common in the viable zones. 

After incubation for 48 hours the zones of viable cells tended to shorten 
slightly with a compensatory increase in the size of the middle zone of degenerated 
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cells. Dividing cells were still abundant. After incubation for a further 24 
hours the cultures showed no significant change from the 48-hour cultures. 
Dividing cells were found up to the 120th hour of incubation although degeneration 
tended to be progressive. 

In capillaries charged with thinly dispersed tumour cells, spaced 2-5 cell 
diameters apart, a middle zone of necrotic cells developed during the first 24 
hours of cultivation even in short capillaries. Dividing cells were frequent 
in such cultures after 72 hours’ incubation. In capillaries with the cells about 
10-20 diameters apart divisions were seen at 24 but not 48 hours. Capillaries 
with intermediate populations contained some dividing cells on the 2nd day. 

The optimum spatial arrangement of tumour cells in the specified capillaries 
for viability, growth and division appeared to be separation from one another 
by about 1-2 cell diameters. Greater intercellular distances permitted survival 
in a healthy state but reduced the incidence of mitosis. Cultures were usually 
maintained for 5-7 days which was sufficient for comparison with the “ pure ” 
cultures of the same strains of tumour cells in open plasma media (Powell, 1957a, 
19576). 

Very few transformations of either sarcoma or carcinoma cells were observed 
in the cultures. The exceptions almost invariably occurred very near the open 
ends of the capillaries. No evidence of migration of tumour cells was definitely 
found. Neighbouring cells occasionally came into contact by extension of 
cytoplasmic lobes. Daughter cells tended to remain in close contact. Macro- 
phages derived from the ascitic fluid survived and reproduced in the cultures 
and enabled individual tumour cells to survive for 5 days without renewal of the 
external medium. The beneficial effects of macrophages were relatively 
unimportant during the critical period for comparison with the open plasma 
cultures since they were numerically insignificant at this time and were also 
present in the latter. 


DISCUSSION 


Physical confinement of the tumour cells and their products by cultivation 
in the restricted space of the capillaries enabled the cells to grow and proliferate 
in almost “ pure” culture. Density of cell population appeared to be a decisive 
factor for the fate of the cultured tumour cells. On the one hand, a 
dense population caused cell degeneration and necrosis, presumably by the 
production of waste products and deprivation of essential metabolites. On the 
other, the tumour cells were mutually protective and beneficial. Cells too 
widely separated within a capillary, at distances of 0-5 to 1 mm., rarely survived 
more than 24 hours. 

Prolongation of cell division required a considerably higher population density 
than did maintenance in good health. The correlations between density of tumour 


EXPLANATION OF PLATE. 


Photomicrographs of ascites tumour cells cultivated in glass capillaries. 
Fic. 1.—Sarcoma 37. Cells cultured for 24 hours. 
Fie. 2.—Sarcoma 37. Cells cultured for 48 hours. 
Fie. 3.—Ehrlich carcinoma. Cells cultured for 72 hours. 
Fie. 4.—Sarcoma 37. Cells cultured for 120 hours. 
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cell population and survival and mitosis, respectively, established in these capillary 
cultures agreed with those found in open plasma cultures of the same strains of 
tumour cells (Powell, 1957a, 19576). There was, however, a significant difference 
in the vitality of the cells cultured by the two methods. Both the duration 
of survival and cell division were much increased in capillary cultures in 
comparison with open cultures of similar densities of population. It was 
noticeable that the tumour cells in capillaries tolerated much greater separation 
from each other than in the coverslip cultures. 

The hypothesis that the viability of cultured ascites tumour cells was largely 
dependent on the concentration of protective factors produced by the cells them- 
selves was strengthened by these results. An optimum population density 
enabled the cells to produce local concentrations of these essential factors adequate 
for their needs. Capillaries of the dimensions specified allowed the cells to obtain 
fresh supplies of metabolites without dissipating too much of the diffusible 
substances and without causing a harmful concentration of waste products. 

The absence of cell migration and rarity of transformation except in the 
immediate vicinity of the open ends of the capillaries may be significant in view 
of the physical confinement of the cultured cells. There would be small likelihood 
of a sharp diffusion gradient of cell products inside capillaries containing uniformly 
distributed cells. 

It was concluded that ascites tumour cells cultured in vitro were themselves 
capable of forming the essential protective substances upon which their vitality 
depended. Evidence was also obtained that macrophages liberated similar or 
identical substances in apparently greater amounts than equal numbers of tumour 
cells. 


SUMMARY 


A method for the cultivation of Ehrlich carcinoma and Sarcoma 37 ascites 
tumour cells in glass capillaries is described. 

The enclosed cells survive and divide for significantly longer periods than when 
cultivated in open coverslip cultures at comparable densities of population. 
The cells in capillaries also tolerate significantly greater separation from each 
other. 

These differences in vitality are attributed to confinement of the cells in the 
capillaries. This restricts the loss of soluble protective factors from the immediate 
environment of the cells. 


I am much indebted to Mr. G. A. Butcher for his assistance with this work. 
The expenses of these researches were defrayed from a block grant by the 
British Empire Cancer Campaign. 
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THE parasitic nature of tumour cells has attracted considerable attention and 
several reports have appeared on the tumour-host relationship (Gurnani, Kumta 
and Sahasrabudhe, 1956 ; Greenles and LePage, 1955 ; Mider, 1951 ; Greenstein, 
1954; Greenberg and Sassenrath, 1955). In this context the rapid turnover of 
nucleic acids (Tyner, Heidelberger and LePage, 1953; Barnum and Huseby, 
1950; Griffin, Davies and Tifft, 1952; Hulbert and Potter, 1952) and the low 
levels of pyridine nucleotides (PN) (Carruthers and Suntzeff, 1954; Strength, 
Ringler and Nelson, 1954; Jedekin and Weinhouse, 1955; Glock and McLean, 
1957) in tumour tissues calls for special attention. It appears that since adenine 
is a constituent of nucleic acids and also of pyridine nucleotides, any drain on 
this precursor from the metabolic pool in the nucleic acid synthesis of tumour 
may deprive the host tissues of its availability for pyridine nucleotide synthesis. 
Our own findings on levels of activity of the choline-dehydrogenase in the livers 
of tumour-bearing animals were considerably lower than those observed in the 
tissues of normal animals. It was further shown that this inherently diminished 
enzyme activity could be reversed by fortification of the medium with DPN. 
In the present communication two problems have been investigated: (i) the 
influence of the tumour on the host tissues with respect to the pyridine nucleotide 
levels and (ii) the availability or non-availability of adenine nucleotides in the 
synthesis of pyridine nucleotides in host tissues. For this purpose, two types of 
transplantable tumours: (a) fast growing ascites Yoshida sarcoma and (6) 
comparatively slow growing fibrosarcoma have been used in Wistar rats and Swiss 
mice respectively. 


MATERIAL AND METHODS 


Transplantable fibrosarcoma was maintained by subcutaneous injections of 
tumour homogenates in 6—8-week-old Swiss mice. The tumour attains an 
appreciable size in about 21 days. Yoshida sarcoma (ascites) obtained through 
the courtesy of Professor H. Druckrey, of Freiburg, Germany, was maintained 
by intraperitoneal transfer in Wistar rats. This tumour grows rapidly and 
results in the death of animals in 7-8 days. 

The levels of pyridine nucleotides in the livers and spleens of normal and 
tumour-bearing animals have been estimated according to the method of Huff and 
Perlzweig (1947) as modified by Dianzani (1955). In another experiment with 
Yoshida sarcoma the pyridine nucleotide levels of host tissues have been investi- 
gated at different intervals of time after transplantation. The optimum time 
and dose of nicotinamide required was determined in auxiliary experiments by 
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injecting intraperitoneally 250, 500, and 1000 mg. of nicotinamide per kg. of body 
weight and estimating the pyridine nucleotide synthesis in the livers and spleens 
3, 6, 12 and 18 hours afterwards. In case of Swiss mice, nicotinamide was 
administered at the dose of 500 mg. per kg. of body weight as suggested by Kaplan 
et al. (1956). 


RESULTS AND DISCUSSION 


The levels of pyridine nucleotides in the livers and spleens of control and 
tumour-bearing animals are presented in Table i. It will be seen from this that 


TaBLE I.—Pyridine Nucleotide Levels in the Tissues from Normal and 


Tumour-bearing Animals 
Pyridine 
nucleotide in 
Number ug. /g- wet tissue 
and sex Age 
0. Animals used of animals (months) Liver Spleen 
1 . Swiss mice— 
(6) Fibrosarcoma*-bearing . (16-4) (26-1) 
2 . Wistar rats— 


745443 41245 
(a) Control . . 3 females 
(6) Yoshida (ascites)t sarcoma- bearing } 3-34 { 


Wistar rats 
1258451 574438 
(a) Control . - Tmales } 5-5} 7164-36 470-423 
(b) Yoshida (ascites)} sarcoma-bearing & (43-1) (18-0) 
* Animals were sacrificed after 21 days. + Animals were sacrificed after 4. days. { Animals were 
sacrificed after 6 days. 
Figures in parenthesis indicate the percentage fall in the PN levels in tissues of tumour-bearing 
animals as compared with the corresponding control 


the presence of the tumour brings about a lowering of pyridine nucleotide levels 
in the host tissues. In case of slow growing fibrosarcoma in Swiss mice the 
lowering in the levels of pyridine nucleotides is to the extent of 16-4 and 26-1 
per cent in the livers and spleens respectively. In the fast growing Yoshida 
sarcoma, however, the effects are more pronounced, the lowering in livers and 
spleens being to the extent of 43-1 and 18-0 per cent respectively. It will be seen 
from Table II that the decrease of pyridine nucleotide levels starts from 2nd day 


TaBLE II.—Pyridine Nucleotide Levels in the Host Tissues at Different 
Intervals of Time following Transplantation of Yoshida Sarcoma 
Pyridine nucleotide levels 
in »g./g. wet tissue 


Days of 
transplantation Liver Spleen 


1 1120 590 
2 904 544 
3 976 412 
4 721 508 
6 675 
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onwards. Pyridine nucleotide synthesized in the spleens and livers of fibro- 
sarcoma-bearing Swiss mice, under the influence of intraperitoneal injection of 
500 mg. of nicotinamide per kg. body weight is givenin Table III. It will be seen 
from this that the capacity for synthesis of pyridine nucleotides is considerably 
diminished in the host tissues of tumour-bearing animals. 


TaB_E III.—Jnfluence of Fibrosarcoma on Nicotinamide Stimulated in vivo 
Synthesis of Pyridine Nucleotide in Host Tissues of Swiss Mice 
Amount of pyridine nucleotides 
in ug./g. of wet tissue in 
Tumour- Tumour 


sarcoma 


Initial levels. 337 119 
Levels after administration of nicotinamide* . 3063 1334 2900 872 611 
Net synthesis in 12 hours . . - 2392 773 2444 535 492 

hours. 


The influence exerted by Yoshida sarcoma on the synthesis of pyridine 
nucleotides in the host spleen is given in Fig. 1. It will be seen that there is a 


Net synthesis of PN. ug./g.wet tissue 


Fic. 1.—Net synthesis of pyridine nucleotides by spleens of normal and tumour-bearing 


(Yoshida sarcoma) rats. Nicotinamide was injected at 500 and 1000 mg. per kg. body 
weight on the 4th day after tumour transplantation. Initial ial Tove of pyridine nucleotides 
(PN) were 412 and 327 ug. per g. in the spleens of normal and tumour-bearing animals 
respectively. 
@----- O-----O | Spleen from tumour-bearing 
} Normal spleens. 


decreased utilization of nicotinamide for pyridine nucleotide synthesis in the host 
tissues. During the 3 hour period, the normal spleens synthesize 548 yg. of 
pyridine nucleotide per g. of tissue, whereas the spleens from the tumour-bearing 
animals show a negligible response. The differences in the utilization of nico- 
tinamide in these two groups become more marked after 12 hours which is the 
optimum period for pyridine nucleotide synthesis (Table IV). Thus, while the 
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TaBLE IV.—Influence of Nicotinamide Administration on Pyridine 


f Nucleotide Levels of Liver and Spleen of Normal Rats 
1 Dose of PN levels in yg./g. of 
y Time after of nicotinamide in — —— ~ 
nicotinamde injection mg./k. body weight Liver Spleen 
Control— 
(No nicotinamide injected) . — ; 745 412 
Shoursafter . . 250 1320 648 
‘ 1550 960 
1000 1595 765 
6 hours after . 250 2080 1060 
500 ‘ 2180 940 
1000 2550 900 
12hoursafter . .  . 250 1765 1045 
500 1295 1482 
1000 2052 1285 
18hoursafter . . . 250 1150 550 
500 1400 640 
1000 1175 710 
pyridine nucleotide synthesis in controls is 1070 wg. per g., the tumour-bearing 
2 animals show a net synthesis of only 133 wg. per g. of tissue. Similar influence 
» of the tumour on the pyridine nucleotide synthesis of host livers is evident from 
> 1 
\ 
\ 
z 
= m 


0 6 9 2 6 8 
Hours nicotinamide administration 


Fic. 2.—Net synthesis of PN by livers of normal and tumour-bearing (Yoshida sarcoma) 
rats. Nicotinamide was injected at = and 1000 mg. per kg. body weight on the 4th 
day after tumour transplantation. Ini levels of pyridine nucleotides (PN) were 745 

animals 


and 550 xg. per g. in the livers of normal and tumour- respectively 
@----- 


Fig. 2. With 500 mg. dose, the livers from the tumour-bearing animals synthesize 
570 yg. of pyridine nucleotides per g., while in normal animals the net synthesis 
is 1605 yg. per g. of tissue. 

These results clearly demonstrate that the presence of fibrosarcoma and 
Yoshida sarcoma in the body impairs the utilization of nicotinamide for pyridine 
nucleotide synthesis in host tissues. Whether this is due to a release of an 
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inhibitory substance by the tumour as has recently been suggested by Waravdekar 
and Powers (1957), or whether it originates from a competition between the nucleic 
acids and the pyridine nucleotides for adenine moiety of the metabolic pool is 
yet undecided and further work is in progress to elucidate this. 


SUMMARY 


1. Pyridine nucleotide levels and utilization of nicotinamide for in vivo 
pyridine nucleotide synthesis have been investigated in the host livers and spleens 
of tumour-bearing animals. 

2. It was shown that the pyridine nucleotide levels and the net in vivo synthesis 
of pyridine nucleotides are decreased in the host tissues. 

3. A preferential utilization of adenine moiety for nucleic acid synthesis by 
tumour tissue and its consequent non-availability for pyridine nucleotide syn- 
thesis in host tissues has been suggested. 


Grateful thanks are due to Dr. V. R. Khanolkar and Dr. A. R. Gopal-Ayengar 
for helpful suggestions and criticism. 
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CONSIDERABLE attention has been paid to the enzyme /-glucuronidase in 
connection with cancer. Physiological aspects of the action of this enzyme 
have recently been reviewed by Levvy (1956). Various workers have found that 
the #-glucuronidase activity of malignant tumours in both humans and mice 
is high in comparison with that of most normal organs, and usually much higher 
than that of the surrounding healthy tissue. It has also been suggested (Odell 
and Burt, 1950) that abnormally high figures for /-glucuronidase activity in 
human vaginal fluid have diagnostic significance in uterine cervical cancer, 
particularly prior to the menopause. 

f£-Glucuronidase is practically ubiquitous in its distribution in the animal 
body, but its activity in a given tissue bears no relation to the general metabolic 
activity nor the oxygen uptake of the tissue. One possible function of the enzyme 
is the hydrolysis of steroid glucuronides to release the active hormones, but this 
provides no satisfactory explanation of the response in enhanced or diminished 
activity of the enzyme in different organs to the administration of steroid 
hormones, a phenomenon that has been extensively studied. It has been shown 
(Linker, Meyer and Weissmann, 1955) that £-glucuronidase and hydrolyses degra- 
dation products from chondroitin and hyaluronic acid, and it may well be that a 
réle in mucoid catabolism is at least as important a function of #-glucuronidase 
in the animal body. Such a réle might be expected to assume major proportions 
in tissue growth, repair or proliferation, as well as after steroid hormone admini- 
stration, all these being conditions under which an enhancement of £-glucuronidase 
activity has been frequently observed. 

On this line of reasoning, it was considered that f-glucuronidase might be 
in no way unique amongst glycosidases in its behaviour in vivo, and it has in fact 
recently been found (Conchie, Findlay and Levvy, 1956, 1957) that f-N-acetyl- 
glucosaminidase and the newly-discovered a-mannosidase in mammalian tissues 
do respond to steroid hormone administration. §-N-Acetylglucosaminidase 
has also been shown to participate in the catabolism of hyaluronic acid (Linker 
et al., 1955), whilst it has been tentatively suggested that a-mannosidase may 
have a similar role in the metabolism of mucoids containing mannose (Conchie 
et al., 1956, 1957; Conchie and Mann, 1957). The present communication 
deals with these enzymes in conditions of cancer, in comparison with 
f-glucuronidase. 


MATERIALS AND METHODS 
Materials 
p-Nitrophenyl «-D-mannoside was prepared as described by Jermyn (1955) 
and had m.p. 176° and [a] 1%, + 145° (c, 0-2 in water). 
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Phenyl N-acetyl £-D-glucosaminide was prepared as described by Conchie 
and Levvy (1957). 

Phenolphthalein £-D-glucuronide was prepared biosynthetically (Talalay, 
Fishman and Huggins, 1946). 

The ascitic tumours 837, Ehrlich and 2146 were obtained from Professor 
J. 8. Young, Department of Pathology, University of Aberdeen, and were trans- 
planted weekly into our laboratory strain of white mice (Tyler’s Original: Mill 
Hill colony). 

A frozen suspension of Tumour 2146 was obtained from Dr. J. Craigie, Imperial 
Cancer Research Fund, and injected into our laboratory mice. 

Mice with spontaneous mammary tumours, and those implanted with Crocker 
sarcoma 180, were obtained from Professor A. Haddow, Chester Beatty Research 
Institute. 

Vaginal fluid samples were collected by Dr. J. G. Lawson, Department of 
Midwifery, University of Aberdeen, who also supplied the specimens of genital 
tumours. 

Samples of normal human kidney tissue and of Grawitz tumour were supplied 
by Dr. A. J. Carr, Department of Pathology, University of Aberdeen. 


Methods 


Enzyme preparations.—All tissues to be assayed were first homogenised in 
water with a glass homogeniser. The suspensions were diluted so that under 
the conditions of assay they liberated from the substrate suitable amounts of 
aglycone (80-100 yg. p-nitrophenol, 40-50 yg. phenol and 30-40 yg. phenol- 
phthalein). In the case of £-N-acetylglucosaminidase assays, the homogenates, 
after incubation for 1 hour at 37° with 0-05 M citric acid buffer pH 4-3, followed 
by the addition of 0-15 m sodium chloride (Pugh, Leaback and Walker, 1957a), 
were centrifuged and the supernatant fractionated with saturated ammonium 
sulphate, the fraction precipitated between 20 and 80 per cent saturation being 
used for assay. This avoided the high enzyme blanks usually obtained with 
crude homogenates when estimating phenol. 

Ascitic fluids were either diluted with water and homogenised or were mixed 
with Triton X-100 (Rohm & Haas Company—0-6 per cent final concentration) 
to rupture the cells before assay. 

Vaginal fluid samples were also diluted and homogenised. In view of the 
small amounts of fluid available, incubations were carried out for 2 hours instead 
of 1 hour in the case of «-mannosidase assays. 

Assays.—Estimations of a-mannosidase activity were carried out in phosphate- 
citrate buffer pH 4-6 with p-nitrophenyl «-mannoside as substrate. To 3 ml. 
of buffer were added 0-5 ml. of 0-016 m substrate and 0-5 ml. enzyme solution 
and the mixture incubated for 1 hour at 37°. The reaction was stopped by the 
addition of 2 ml. trichloroacetic acid (5 per cent w/v), and 4 ml. of the reaction 
mixture neutralised with NaOH and developed with glycine-Na,CO, buffer as 
described by Conchie (1954) for f-glucosidase assays. The free p-nitrophenol 
was measured on the Spekker photoelectric absorptiometer using an Ilford 601 
violet filter. 

f-N-Acetylglucosaminidase activity was measured by the method of Kerr, 
Graham and Levvy (1948), the liberated phenol being measured using an Ilford 
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No. 608 red filter in the absorptiometer. The conditions of assay were those 
described by Pugh, Leaback and Walker (19575). 

f£-Glucuronidase activity was measured by the method described by Levvy 
(1952) for mouse-liver f-glucuronidase. 


RESULTS 


Table I shows mean figures for the a-mannosidase, f-glucuronidase and 
f-N-acetylglucosaminidase activities of various mouse tumours, in comparison 
with figures for uninvolved liver in the same groups of mice. Liver is among 
the richer tissues in all three enzyme activities. With the exception of the C3H 
mice, the animals were drawn from various mixed breeding colonies. Spontaneous 
mammary tumours and Crocker sarcoma 180 showed activity levels for all three 
enzymes of the same order as those seen in liver. It should be noted that the 
C3H strain is one with a genetically-determined low /-glucuronidase activity 
in all tissues (Law, Morrow and Greenspan, 1952). It is also, in our experience, 
a very unthrifty and infertile strain. Cohen and Bittner (1951) showed that the 
hereditary factor extended to f#-glucuronidase in cancer tissue. It is evident 
from our results that the a-mannosidase and /-N-acetylglucosaminidase activities 
are not genetically linked to £-glucuronidase activity. 


TaBLE I.—Enzyme Activities in Mouse Tumours 


For conditions of assay see text. Results are expressed in g. p-nitrophenol, phenol- 
phthalein or phenol liberated per g. of tissue (wet weight) in 1 hour. 
Uninvolved liver shown for comparison. 

Values are given as mean ++ standard error followed (in parentheses) by the 
number of animals in the group. 
Enzyme activities 


Acetyl. 
Tumour a-Mannosidase §-Glucuronidase glucosaminidase 


Spontaneous mammary tumour : 
Mixed strain : Tumour ,750 +440 (9) 2,280+ 130 (9) 7,830+ 1,350 (5) 
1,352 2,631 7,312 


* Results ascitic fluid. 
+ These tumours were of diverse origin, the second specimen have been kept in the ascitic form 


for several generations. 


C3H strain: Tumour. . - 1,820+4 (2) 650+48 (2) 3, 937 +120 (2) 
Liver . ll 319 6,170 
Crocker sarcoma 180 (subcutaneous i injec- 
tion) : 
Tumour . ‘ 1,150+85 (9) 2,100 + 680 (5) 4,120+ 500 (7) 
Liver ‘ - 2,687 2,498 9,030 
Ascitic tumours (intraperitoneal injec- 
tion): 
837 tumour 112+4 (3) 140+ 16 (2) 1,190 +90 (2) 
Ehrlich tumour 114+11 (3) 207 +40 (3) 1,400 + 130 (2) 
2146 tumour 116+ 14 (3) 146+3 (2) 1,240 + 200 (2) 
Liver 1,572 2,300 10,430 
Subcutaneous injection of ascitic fluid : 
2146 tumour (frozen)f 600 + 60 (5) 2,060 + 42 (5) 5,890+ 300 (3) 
2146 tumour (fresh)t . 480+ 50 (13) 1,880+ 200 (13) 7,570+ 700 (13) 
= (fresh : 2nd subcutaneous 490+ 37 (9) 1,540+ 110 (9) 7,470+710 (4) 
t) 
Ehrlich tumour 720+ 70 (2) 1,940 + 390 (2) 7,430 + 560 (2) 
Liver ,604 2,927 7,781 
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Ascitic tumours would appear to be a major exception to the generalisation 
that tumours have a relatively high #-glucuronidase activity, since they had 
only about one-sixteenth the value for liver. This difference between ascitic 
and other tumours extended to a-mannosidase and /-N-acetylglucosaminidase 
activity. 

Thus far it can be seen that both the a-mannosidase and /-N-acetyl- 
glucosaminidase activities of tumours paralleled their £-glucuronidase activity. 
After subcutaneous injection of tumours that had been through the ascitic phase, 
however, a-mannosidase displayed a low figure in the tumour in comparison 
with that for liver, whereas f-glucuronidase and /-N-acetylglucosaminidase 
displayed similar values to those observed with spontaneous mammary tumours 
and Crocker sarcoma 180. As regards the latter two enzymes at least, the site 
of injection would appear to be the sole determining factor for the enzyme activity 
of the resultant tumour. 

A few figures for human surgical specimens are shown in Table II. From these 
few results it cannot be said that the £-glucuronidase activity of cancerous tissues 


TaBLE II.—Enzyme Activities in Some Human Tumours 
and in Uninvolved Tissue 
For conditions of assay see text. Results are expressed in g. p-nitrophenol, 
phenolphthalein or phenol liberated by 1 g. tissue (wet weight) in 1 hour. 
Enzyme activities 


6-N-Acetyl- 
a-Manno- §-Glucu- glucos- 

Age Specimen sidase ronidase aminidase 
65 Cancerous vulva . 715 7,943 
41 Malignant anterior lip of cervix . 721 7,021 
Non-malignant posterior lip of . 218 6,211 
cervix 

. 47 .  Cancerous uterine body 818 19,900 
-McK— . 64 . Grawitz tumour ° 351 4,301 
Normal kidney tissue ‘ 1,105 22,040 


was any higher than that of the corresponding healthy tissue, nor did this appear 
to be true for «-mannosidase and £-N-acetylglucosaminidase. It can, however, 
be seen that «-mannosidase and /£-N-acetylglucosaminidase activities in human 
tissues are at least comparable with that of #-glucuronidase. 

Table III gives individual figures for the activities of the enzymes in vaginal 
fluid from human subjects, with and without genital cancer. Figures for /- 
glucuronidase were obtained by Dr. J. G. Lawson. It has been stated that a 
vaginal fluid /-glucuronidase activity of 400 units per g. fluid distinguishes 
normal premenopausal women from those with cancer of the uterine cervix, 
80 to 90 per cent of the women falling into the correct category (Kasdon, 
Homburger, Yorshis and Fishman, 1953): healthy postmenopausal women 
frequently display a high value, the enzyme in vaginal fluid being apparently 
under ovarian control. The data in Table III suggest that a similar test might 
be founded on the a-mannosidase activity of vaginal fluid, with a dividing line 
at about 200 units per g. fluid, and with the added advantage that in healthy 
women zero values are frequently observed for this enzyme: the only false high 
value was in a post-menopausal woman. It is interesting to recall in this 
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GLUCOSIDASE ACTIVITIES IN CANCER 


IIl.—Enzyme Activities in Vaginal Fluids 


For conditions of assay see text. Results are expessed as 1g. of p-nitrophenol, 
phenolphthalein or phenol liberated per g. of fluid in 1 hour. 


(a) Vaginal fluids from cancer patients 
Enzyme activities 
-N- 
Acetyl- 
a-Mannos- §-Glucu- glucos- 
Condition id id inid 
. Carcinoma of cervix (untreated) . 246 566 —- 
. Advanced carcinoma of cervixand . 1350 1266 — 
vagina (2 days after radium treat- 
ment) 
Four days after radium treatment 
. Carcinoma of cervix (2 days after . 
radium treatment) 
. Carcinoma of cervix (untreated) 
Three weeks after first radium 
treatment 
. Carcinoma of cervix (untreated) . 
. Cancer of uterine body with spread . 
down vagina (untreated) 
Advanced carcinoma of vulva (un- . 
treated) 


(6) Vaginal fluids from non-cancer subjects 
Enzyme activities 


8-N-Acetyl- 
Menopause «-Mannosidase §-Glucuronidase ini 
we Nil 100 


bject 


Sul 

Mrs. J. L— 
Mrs. E. H— 
Mrs. I. T— 

Mrs. I. D— 
Mrs. I. B— 
Mrs. I. S— 

Mrs. C. R— 
Miss I. R— 
Mrs. E. D— 


. 


t+ Non-malignant fibroid growth in uterus. 


connection that ovariectomy reduces mouse uterine a-mannosidase activity to 
vanishingly small proportions (Conchie, Findlay and Levvy, 1957), whereas the 
f-glucuronidase activity is only reduced to about half by this measure (Kerr, 
Campbell and Levvy, 1949; Fishman and Fishman, 1944; Fishman and 
Farmelant, 1953). £-N-Acetylglucosaminidase activity did not appear to 
distinguish between normal women and cancer cases, but the results for this 
enzyme are too few to form any definite opinion. 


DISCUSSION 
£-Glucuronidase can no longer be regarded as unique amongst mammalian 
glycosidases, since a-mannosidase and /-N-acetylglucosaminidase show an 
equally wide distribution in the body, respond to steroid hormone administration 
and, as we have just seen, show similar activities in cancer tissue as compared 
with appropriate healthy tissue values. It would also appear that the correlation 
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a) Mrs. C.C— . 76 . Post 
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between high f-glucuronidase activity and malignant growths is not as invariable 
as has been generally believed. The relatively very low f-glucuronidase activity 
of ascitic tumours is particularly perplexing, unless the high /£-glucuronidase 
activity of most other tumours is associated with the invasion of solid body 
tissues. With regard to f#-glucuronidase assay as an aid in the diagnosis of 
uterine cervical cancer, it would appear that a-mannosidase assay might be 
equally well employed, perhaps with advantage. 

The secretion of £-N-acetylglucosaminidase in normal vaginal fluid is of 
particular interest in view of the very high activity of this enzyme in the semen 
of all species, including man (Conchie and Mann, 1957). 

There is no evidence whatsoever for the conjugation of steroid hormones or 
their metabolites with mannose or N-acetylglucosamine, and there can thus be 
no attempt to explain an enhanced activity of either a-mannosidase or /-N- 
acetylglucosaminidase in terms of an adaptation by the organism to meet a need 
for increased metabolism of these hormones. It is much more probable that a 
high activity of these enzymes, whether caused by steroid hormones or other 
means, reflects an increase in mucoid catabolism, and this same explanation 
may very well extend to f-glucuronidase. The fact that steroid hormones, as 
well as altering #-glucuronidase activity in vivo, form conjugates that are 
hydrolysed by this enzyme can thus be regarded as purely coincidental. 

Maintaining an overall balance in the body with the forces of synthesis would 
appear to provide a vital function for hydrolytic enzymes such as these, quite 
apart from any specialised action, such as the release of steroid hormones from 
conjugates by #-glucuronidase. 


SUMMARY 


Mouse and human malignant tumours as well as vaginal fluid from cases of 
uterine cervical cancer, have been examined for their a-mannosidase and /£-N- 
acetylglucosaminidase activity. In most respects these two enzymes resembled 
f-glucuronidase, an enzyme that has been extensively studied in connection 
with cancer. Ascitic tumours displayed astonishingly low values for /- 
glucuronidase activity as well as for the other two enzymes examined. The 
preliminary results suggested that a-mannosidase assay in vaginal fluid might 
be as useful as a diagnostic aid in uterine cervical cancer as the measurement 
of £-glucuronidase activity. 


We are indebted to Mr. A. J. Hay for competent technical assistance. 
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ADENOSINE DEAMINASE, NUCLEOSIDE PHOSPHORYLASE AND 
XANTHINE OXIDASE IN LIVER TUMOURS 
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ENzyMEs concerned in the catabolism of nucleic acids have been little studied 
in liver tumours, and especially in tumours which, from careful histological 
examination, could be regarded as hepatomas and could, therefore, reasonably 
be compared with normal liver. In normal liver the degradation of adenosine can 
proceed by the following pathway (Christman, 1952) : 

adenosine 


xanthine oxidase 
uric acid 
Changes in these enzymes in azo-dye carcinogenesis have now been investigated. 


EXPERIMENTAL 


The tissue fractions now analyzed were those prepared in a previous study 
(Reid and O’Neal, 1956), to which reference should be made for details of the 
procedures employed. The fractions were, in general, derived from the livers of 
albino rats which had been fed 3’-methyl-4-dimethylaminoazobenzene ; but one 
experiment (“14/7”) was carried out with a hepatoma arising in a rat of the 
“ August ” strain which had been fed p-dimethylaminophenylazo-2-naphthalene. 
As indicated in Fig. 1, experimental rats were always studied simultaneously 
with controls which had been fed on the same diet but with omission of the 
carcinogen. 

The “ pre-cancerous liver” studied in some experiments was obtained from 
rats which had been fed the azo-dye for only 4 weeks. Tissue from rats which 
had been fed azo-dye for a prolonged period was classified into the following 
categories, with the kind collaboration of Dr. R. Daoust: hepatoma with little 


* Fellow in Cancer Research of the American Cancer Society. Present address: Montefiore 
Hospital, New York 67, N.Y., U.S.A. 
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hypoxanthine 
xanthine oxidase 
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Cc 


Expt.14/7 Expt. 7/2 Expt.19/3 Expt.1/9 Expt. 8/9 
. la.—Adenosine deaminase a expressed as ;: moles inosine 

decomposed per . of tissue. 

1b. levels, expressed as moles 

per min. per g. of tissue. 
le. oxidase levels, expressed as moles xanthine 
decomposed per min. per g. of tissue. 


The following abbreviations are used for the different types of liver tissue : 
C. Control (open bars). 
P, Pre-cancerous (bars with vertical lines). 
H, Hepatoma with little necrosis (solid bars). 
HN, Hepatoma with marked necrosis (bars with stippling). 
HC, Mixed hepatoma and cholangioma (bars with diagonal hatching). 
L, Liver tissue without tumours (bars with white squares on block). 


Bars in direct apposition represent different tissue samples from the same rat. 
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necrosis, hepatoma with marked necrosis, mixed hepatoma and cholangioma, and 
liver tissue without tumours (tumours being present elsewhere in the liver). Since 
there was liver enlargement after azo-dye feeding, especially if prolonged (Reid 
and O'Neal, 1956), any decrease in the amount of an enzyme per g. of liver (cf. 
Fig. 1) does not entail a correspondingly great decrease in the total amount of 
the enzyme per liver. 

As previously described (Reid and O’Neal, 1956), the tissue homogenates 
were freed from nuclei by centrifugation to give a cytoplasmic fraction, from a 
portion of which a supernatant fraction was derived by a final centrifugation at 
20,000 g for 90 minutes. These two fractions were frozen and stored at — 30° 
until required for assay, this procedure being without adverse effect on the activity 
of the enzymes studied. 

The enzyme assays were performed by differential spectrophotometry (Kalckar, 
1947), the activity of each tissue sample being assessed from the rate of change of 
extinction (determined graphically) at the appropriate wavelength. Adenosine 
deaminase and nucleoside phosphorylase were assayed at 21—22° essentially by 
the procedures of Schneider and Hogeboom (1952), as used by Reid and Stevens 
(1958) in another connection ; the latter enzyme was assayed in the presence of 
an excess of purified xanthine oxidase whereby the hypoxanthine (formed from 
inosine) was oxidized to uric acid. Xanthine oxidase was assayed at 24° as described 
by Reid, O’Neal and Lewin (1956); whole cytoplasmic fractions were used, 
although most of the cytoplasmic activity is in fact found in the supernatant 
fraction. The other enzymes were assayed in supernatant fractions, in which 
virtually all the cytoplasmic activity resides (Schneider and Hogeboom, 1952). 


RESULTS 


As is shown in Fig. la, there were no consistent changes in adenosine deaminase 
activity. In contrast with adenosine deaminase, nucleoside phosphorylase activity 
was notably low in hepatomas, this low level being not merely a consequence 
of necrosis (Fig. 1b). The activity was not markedly depressed in liver tissue 
distant from the tumours. 

Xanthine oxidase activity in hepatomas showed decreases remarkably similar 
to those observed with nucleoside phosphorylase (Fig. 1c). The activities of these 
two enzymes in some of the hepatomas were less than one-quarter of those in 
the controls studied simultaneously. Xanthine-oxidase activity was also somewhat 
decreased in pre-cancerous liver. 


DISCUSSION 


The present findings are in good agreement with observations which were pub- 
lished in abstract form by Lamirande and Allard (1957) after the completion of 
our work. These authors found that Novikoff hepatoma transplants lacked 
xanthine oxidase and uricase, and were deficient in nucleotidase (nucleoside 
5’-phosphatase), guanase, and nucleoside phosphorylase ; in contrast with these 
enzymes, adenosine deaminase was increased. Westerfeld, Richert and Hillinger 
(1950) have also reported a marked fall in xanthine oxidase under the “ syner- 
gistic ’ influences of 4-dimethylaminoazobenzene and of a low-protein diet ; 
but with a high-protein diet, as used in the present study, this carcinogen induced 
only a small decrease in xanthine oxidase. It may, however, be significant that the 
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main pathological change observed in the livers studied by these authors was 
bile-duct proliferation, and that the tumours which were eventually obtained 
(but not studied biochemically) were of bile-duct origin. Here it may be noted that 
experiments in this Institute (Lewin, Bergel, Bray, Haddow and Lewin, 1957) 
have shown a decrease in xanthine oxidase in spontaneous mammary tumours, 
similar to that in the hepatomas now studied. Moreover, rabbit liver carcinomas 
showed abnormally low oxygen uptake with xanthine as subtrate, although 
“xanthine dehydrogenase ”’ (assayed by the use of methylene blue) was undi- 
minished (Korotkoruchko, 1953). 

The possibility that xanthine oxidase is a “ key ” enzyme, governing the rate 
of purine catabolism, has been discussed by Bergel, Bray, Haddow and Lewin 
(1957), and also by Reid and Stevens (1958) who adduced supporting evidence 
from hormonal studies (Reid, O’Neal and Lewin, 1956) but who quoted some 
contrary evidence. Thus, Bass, Tepperman, Richert and Westerfeld (1950) 
found that the fall in liver xanthine oxidase produced by protein deprivation or 
by azo-dye feeding was not accompanied by decreases in the excretion of uric 
acid and allantoin. Begg (1955) found that when tumour-bearing rats were given 
a low-protein diet, the usual fall in liver xanthine oxidase did not occur and the 
excretion of allantoin actually increased ; but he did not regard it as proven that 
the latter effect was a consequence of the former. 

In view of the possibility that uricase might be a limiting enzyme in liver 
(Reid and Stevens, 1958), it is of interest that a fall in uricase was observed with 
the hepatomas studied by Lamirande and Allard (1957) and also, in a single 
determination, with liver from a rat fed 3’-methyl-4-dimethylaminoazobenzene 
for 28 days (Schneider, Hogeboom, Shelton and Striebich, 1953). 

If purine catabolism is indeed decreased in liver tumours, it does not follow 
that nucleic-acid catabolism is also decreased. There is some evidence that the 
nucleases which effect the initial hydrolysis of nucleic acids to nucleotides are 
actually increased in pre-cancerous liver and in primary liver tumours (Allard, 
1955 ; Schneider, Hogeboom, Shelton and Striebich, 1953). The fall in nucleoside 
phosphorylase does not imply a decrease in nucleic-acid catabolism, since this 
enzyme, of which there is a relatively high level in liver, is probably not a limiting 
factor in nucleic-acid catabolism (Reid and Stevens, 1958). The decrease in 
nucleoside phosphorylase might in fact imply a decrease in synthetic rather than 
in catabolic processes. The level of adenosine deaminase in normal liver is much 
lower than that of nucleoside phosphorylase, and would be more likely to reflect 
any decrease in nucleic-acid catabolism ; however the level of adenosine deaminase 
in hepatomas is normal (as now reported) or even increased (Lamirande and Allard, 
1957). There are reports that the level of nucleotidase (nucleoside-2’, 3’-phospha- 
tase) is normal in hepatomas (Greenstein, Carter and Luthardt, 1946), and that 
the level of a possibly different nucleotidase (nucleotide 5’-phosphatase) is decreased 
(Lamirande and Allard, 1957). The metabolism of nucleic acids and their deriva- 
tives in cancerous liver and, indeed, in normal liver clearly warrants further study. 


SUMMARY 


With hepatomas induced by azo-dye feeding, there are marked decreases in 
the concentrations of nucleoside phosphorylase and of xanthine oxidase (the 
latter being also somewhat decreased in pre-cancerous liver) but no changes in 
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the concentration of adenosine deaminase. These findings are discussed with 
particular reference to the hypothesis that xanthine oxidase is a limiting factor in 
purine catabolism. 


The authors are indebted to Dr. R. C. Bray and to Mr. D. A. Gilbert, B.Sc., 
for providing the purified xanthine oxidase for the determination of nucleoside 
phosphorylase, and to Mr. E. Sykes for drawing Fig. 1. Funds for the purchase 
of the ultraviolet spectrophotometer were provided (to E. R.) by the British 
Empire Cancer Campaign. 
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Tue biological effects induced by the polycycic hydrocarbons have been 
extensively studied in many species and attempts have been made to correlate 
these effects with the metabolism of the hydrocarbon. To this end investigations 
of a number of them have been made and from existing data summarised by Young 
(1950) and Boyland (1950) it would appear that several rather broad conclusions 
can be drawn. 

1. The non-carcinogenic hydrocarbons as represented by naphthalene, 
anthracene and phenanthrene are metabolised to a variety of water soluble 
products which are excreted in the urine. These metabolic end products consist of 
phenols and the allied dihydroxy-dihydro compounds both free and conjugated. 
In addition the urine contains a substance which regenerates the parent hydro- 
carbon on heating the urine with acid and in the case of naphthalene this precursor 
has been identified as the glucuronide of 1 : 2-dihydro-l-naphthol (Boyland and 
Solomons, 1955). 

2. The carcinogenic hydrocarbons as represented by 1 : 2-benzanthracene 
and chrysene (weak carcinogens), and 1:2: 5: 6-dibenzanthracene, 3 : 4- 
benzpyrene and 9: 10-dimethyl-1 : 2-benzanthracene are metabolised to a 
variety of excretion products which appear mainly in the faeces, but to a certain 
extent in the urine, as the free phenols and quinones. Further degradation 
products have been identified for 1: 2: 5: 6-dibenzanthracene (Heidelberger 
and Wiest, 1951; Bhargava, Hadler and Heidelberger, 1955) and in the case of 
3: 4-benzpyrene tissue intermediates have been isolated but not identified 
(Weigert and Mottram, 1943 and 1946). These intermediates readily revert to 
the fully aromatic benzpyrenoid state and by analogy with the non-carcinogenic 
hydrocarbons a dihydroxy-dihydro structure has been postulated for them. 

The essential differences therefore between the metabolic end products of 
the non-carcinogenic and the carcinogenic hydrocarbons would appear to be: 

(1) The preponderance of free phenols and quinones as major excretion 
products of the carcinogenic members. This could possibly be explained on the 
basis of unstable dihydroxy-dihydro intermediates. The theoretical chemist 
Pullman (1954) has indeed calculated from resonance energy considerations that 
the diols of the carcinogenic hydrocarbons should be more susceptible to dehydra- 
tion than the diols of the non-carcinogenic members. 

(2) The apparent absence of conjugation amongst the carcinogenic members 
and 

(3) the formation of an acid-labile hydrocarbon precursor from the non- 
carcinogenic members. 

These conclusions, however, are based upon the behaviour of a relatively 
small cross-section of the polycyclic hydrocarbons and it was with the idea of 
extending this field that this investigation was started. 
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The hydrocarbon pyrene appeared to be particularly suitable as an example 
of a relatively large molecule for which no positive carcinogenic activity has been 
reported. 

The metabolism of pyrene had peviously been investigated by Chalmers 
and Peacock (1941) in the fowl and they reported the excretion in the bile of a 
derivative which fluoresced blue under ultra-violet light. They did not identify 
it but its solvent and chromatographic behaviour indicated an acidic nature. 

Elson, Goulden and Warren (1945), investigating the urine after the intra- 
peritoneal injection of large doses of a number of hydrocarbons in the rat, 
reported relatively large increases in the levels of ethereal sulphate, neutral 
sulphur and glucuronic acid together with a fall in inorganic sulphate after the 
injection of pyrene. 

Thus excretion of metabolic products in both urine and faeces was indicated. 


MATERIALS AND METHODS 


The pyrene was prepared for injection as an aqueous dispersion of two 
concentrations, 1 mg. per c.c. for intravenous and 10 mg. per c.c. for intra- 
peritoneal injection. 

The animals used were mice of RIII strain and rats of Wistar strain. Each 
mouse received an intravenous dose of 0-5 mg. or an intraperitoneal dose of 
10 mg. Each rat received an intravenous dose of 1 mg. or an intraperitoneal 
dose of 50 mg. Throughout the experiment the animals were housed in metabolism 
cages from which independent collections of urine and faeces were made. 

The following reference compounds were prepared by the methods of Vollmann 
Becker, Corell and Streeck (1937) : 

3-hydroxypyrene, pyrene-3 : 8-quinone, pyrene-3: 10-quinone, 3 : 10-dihy- 
droxypyrene and 3 : 8-dihydroxypyrene. 

The following physical and chemical data of the reference compounds was 
used to establish the identity or non-identity of the metabolites : 

3-Hydroxypyrene (I).—(1) Colourless zone on alumina from benzene fluores- 
cing blue-violet in ultra-violet light. 

(2) Absorption spectrum in ethyl alcohol (Fig. 1): maxima at 242, 257, 
268, 278, 348, 366 and 386 m.y. 

(3) Absorption spectrum of the derived 3-methoxypyrene in ethyl alcohol 
(Fig. 2): maxima at 241, 255, 266, 278, 335, 346, 350, 362, 373, 382. m.y. 

Pyrene-3 : 10-quinone (II).—(1) Red zone on alumina from benzene, deep 
yellow solution in alcohol turning dark red on the addition of sodium hydroxide 
solution. 

(2) Disappearance of colour and appearance of the bright blue fluorescence 
and the absorption spectrum of 3: 10-dihydroxypyrene on either reduction 
with sodium hydrosulphite or warming an alcoholic solution of the quinone 
with a few drops of concentrated hydrochloric acid. 

(3) Absorption spectrum in ethyl alcohol. 

Pyrene-3 : 8-quinone (III).—(1) Yellow zone on alumina from benzene, 
yellow solution in alcohol turning red on the addition of sodium hydroxide 
solution. 

(2) Disappearance of colour and appearance of the bright blue fluorescence 
and absorption spectrum of 3: 8-dihydroxypyrene on either reduction with 
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dle sodium hydrosulphite or warming an alcoholic solution of the quinone with a 
en few drops of concentrated hydrochloric acid. 
(3) Absorption spectrum in ethyl alcohol. 
Ts 3: 10-Dihydroxypyrene (IV) (not isolated in pure state).—(1) Colourless 
a solution in alcohol with an intense blue fluorescence in ultra-violet light. 
fy (2) Yellow solution in alcohol and sodium hydroxide with an intense green 
fluorescence in ultra-violet light. 
a- (3) Formation of the yellow colour of pyrene-3 : 10-quinone on addition of 
it, sodium hypochlorite solution. 
al (4) Conversion to pyrene-3 : 10-quinone on chromatography on alumina from 
1e benzene. 
0 
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s Fic. 1.—Absorption spectra in ethyl alcohol. 
3-hydroxypyrene (lower scale) -—-—-— -— phenol from rat urine. 
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Fic. 3.—Absorption spectra in ethyl alcohol. 
3: 10-dihydroxypyrene ---—-— phenol from hydrolysed rat urine. 


(5) Absorption spectrum in ethyl alcohol (Fig. 3): maxima at 240-244, 
278, 353, m.u. (possibly contaminated with trace of 3 : 8-dihydroxypyrene). 

3 : 8-Dihydroxypyrene (V).—(1) Colourless solution in alcohol with an intense 
blue fluorescence in ultra-violet light. 

(2) Yellow solution in alcohol and sodium hydroxide with an intense green 
fluorescence in ultra-violet light. 

(3) Formation of the yellow colour of pyrene-3 : 8-quinone on addition of 
sodium hypochlorite solution. 

(4) Conversion to pyrene-3 : 8-quinone on chromatography on alumina from 
benzene. 

(5) Absorption spectrum in ethyl alcohol (Fig. 4): maxima at 245, 267, 278, 
336, 352, 380, 401, m.p. 

Faeces.—The faeces were collected daily, homogenised in a small volume of 
water and extracted with 90 per cent acetone. After removal of the acetone under 
reduced pressure the aqueous residue was extracted with benzene which was then 
dried over sodium sulphate prior to chromatography on alumina. 

Urine.—The urine was extracted successively with ether at pH 7 and then at 
pH 2. In both cases initial extraction was carried out by shaking in the cold 
followed by continuous Soxhlet extraction. By this procedure it was hoped to 
minimise any temperature effect as previous experiments with the hydroxy- 
anthracenes and 4’-hydroxy-1 : 2-benzanthracene had shown that considerable 
destruction of phenolic material could take place during prolonged Soxhletextraction 
procedures. The ether extracts were dried over sodium sulphate, the ether 
removed under nitrogen and the brown oily residues extracted with benzene. 
The benzene extracts were then chromatographed on alumina. 

The urine after extraction still possessed a very strong blue-violet fluorescence 
under ultra-violet light. In order to liberate possible conjugated material it was 
made strongly acid with hydrochloric acid and boiled for 1 to 2 minutes (prelimi- 
nary investigation had revealed that a considerable amount of fluorescent material 
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Fic. 4.—Absorption tra in ethyl alcohol. 
3: ~ hydrolysed rat urine. 


was destroyed when heating was continued beyond this time). The hydrolysed 
urine was then extracted directly with benzene and this dried over sodium sulphate 
prior to chromatography on alumina. 
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RESULTS 


The results obtained from both rats and mice after both intravenous and intra- 
peritoneal injections were very similar and will be considered under the same 
general headings. 


Faeces 

The final benzene extract was deep yellow in colour with a strong blue-violet 
fluorescence under ultra-violet light. By means of the analytical procedures 
described above the following metabolic products were identified on the chromato- 
gram : 

3-hydroxypyrene 
pyrene-3 : 8-quinone and pyrene-3 : 10-quinone. 

That the quinones were present as such in the faeces and had not been formed 
from the corresponding dihydroxy compounds on chromatography was estab- 
lished as follows: 

The benzene extract prior to chromatography was washed several times with 
20 per cent sodium hydroxide solution to remove phenolic and acidic material. 
The clear yellow coloured, dull blue fluorescent benzene, when examined spectro- 
scopically was found to possess the strong absorption above 350 m.y. characteristic 
of the quinones. When the benzene was then shaken thoroughly with sodium 
hydrosulphite solution the yellow colour was almost completely discharged, the 
fluorescence became bright blue and the absorption maxima of the dihydroxy 
compounds appeared in the spectrogram. This was verified by chromatography 
on alumina when the two quinones appeared on the chromatogram. 

The sodium hydroxide washings were acidified, extracted with benzene and 
the benzene chromatographed on alumina. 3-Hydroxypyrene only was identified 
on the chromatogram. 

On heating the alcoholic solution of the 3: 10 quinone from rat faeces with 
hydrochloric acid a certain amount of free pyrene was obtained in addition to the 
expected 3: 10-dihydroxypyrene. The amount was very variable however and 
appeared to depend upon the conditions attained during extraction. The spectrum 
shown (Fig. 5) is that of an extreme case. Attempts to separate the precursor 
from the quinone were unsuccessful so that the possibility of a quinhydrone type 
of complex cannot be ruled out. 


Urine 
The urine prior to extraction possessed a very strong blue-violet fluorescence 
in ultra-violet light. 
(1) Ether extract at pH 7.—The following metabolites were identified on the 
chromatogram : 
3-hydroxypyrene and small amounts of the two quinones (possibly formed 
from the corresponding diphenols on chromatography). 
(2) Ether extract at pH 2.—The benzene extract of the mouse urine 
@ much stronger blue-violet fluorescence under ultra-violet light than that from 
the rat urine and analysis of the chromatogram revealed that this quantitative 
difference was due to the presence of further amounts of 3-hydroxypyrene. The 
presence of this 3-hydroxypyrene is difficult to explain. Presumably, however, 
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Fic. 5.—Absorption spectra in ethyl alcohol. 
—-—-- ‘“ quinonoidal complex” from rat faeces. same solution warmed with 
a few drops of concentrated hydrochloric acid showing appearance of the absorption peaks 
of pyrene. 


under warm acidic conditions, it could result from either the hydrolysis of a loose 
conjugate of the phenol or the dehydration of a dihydroxy-dihydro compound. 

Small amounts of the two quinones were also identified on the chromatogram 
but these must have been formed from the diphenols as any free quinone would 
have been previously extracted at pH 7. 

The filtrate from the chromatogram contained free pyrene so this must have 
been liberated during the warm acid conditions of the Soxhlet extraction. 

(3) Benzene extract of hydrolysed urine——The benzene extract was a very 
pale yellow in colour with a strong b 1e-white fluorescence under ultraviolet 
light. Direct spectroscopic examination of the benzene extract prior to chromato- 
graphy suggested that considerable amounts of the 3 : 8- and the 3 : 10-dihydroxy 
compounds were present. 

The following pyrene derivatives were identified on the chromatogram : 


a small amount of 3-hydroxypyrene ; 
pyrene-3 : 8-quinone and pyrene-3: 10-quinone (formed from the corre- 
sponding dihydroxy compounds on chromatography). 

The liberation of these phenols by heating under strongly acidic conditions 
suggests that they were originally present in a conjugated state and this is supported 
by the findings of Elson, Goulden and Warren (1945) described previously. The 
other possibility is that they were formed from dihydroxy-dihydro and tetra- 
hydroxy-tetrahydro derivatives. In the case of the diphenols the problem was 
resolved as follows. 

After extraction with ether at pH 2 almost all the fluorescent material could be 
removed by shaking with amy] alcohol. The amy] alcohol was then yellow in colour 
with a strong blue fluorescence. A sample of the amyl alcohol dissolved in ethyl 
alcohol and examined spectroscopically showed absorption maxima at 276, 334 
and 346 m.u. On heating the mixture with hydrochloric acid these disappeared 
and were replaced by the 278, 336 and 352 m.u. maxima of 3 : 8-dihydroxypyrene. 
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Had either of the two tetrahydroxy-tetrahydro compounds been present in the 
amy] alcohol extract a naphthalene type spectrum would have been expected. 

More direct evidence of conjugation was sought by incubating the extracted 
urine, prior to acid hydrolysis, with #-glucuronidase in acetate buffer at pH 5-5. 
Under these conditions only small amounts of the free dihydroxy compounds 
were liberated so it is possible that the bulk of the conjugation is with sulphate. 

The filtrate from the chromatogram of the hydrolysed urine again contained 
free pyrene presumably formed from a precursor. 

The results can be summarised as follows. 

Excretion in faeces.—3-Hydroxypyrene, pyrene-3 : 10-quinone and pyrene- 
3 : 8-quinone plus a variable amount of an unidentified “ quinonoidal complex ” 
from rat faeces. 

Excretion in urine.—3-Hydroxypyrene : mainly free but possibly conjugated 
to a small extent. 3: 10- and 3: 8-dihydroxypyrenes: a little free but mainly 
conjugated. An unidentified pyrene precursor. 


DISCUSSION 


If we refer back to the general conclusions outlined in the introduction then 
we see that the metabolism of pyrene possesses factors which are common to both the 
carcinogenic and non-carcinogenic hydrocarbons. Thus its excretion as free phenol 
and quinones is typical of the carcinogenic series whilst the apparent conjugation 
of the metabolites and the excretion of a small amount of acid-labile hydrocarbon 
precursor is indicative of the non-carcinogenic series. In these respects it would 
indeed appear to be intermediate between the two. In addition we have the 
unique case of the “‘ quinonoidal complex ” being excreted in rat faeces. 

Perhaps the most significant fact, however, which emerges from the fore- 
going study is the coincidence of the sites of biological oxidation with those of 
greatest chemical reactivity in the pyrene molecule. Previously it has been held 
as a significant fact that metabolic oxidation of the polycyclic hydrocarbons 
(with the exception of phenanthrene) primarily takes place at centres of relatively 
low reactivity. In the case of pyrene, however, not only does oxidation take place 
in the most chemically reactive 3-position but in addition we have the unique 
case of a second hydroxyl group entering the molecule at points coinciding with 
regions of secondary chemical reactivity, that is the 8 and 10 positions. 

Although quantitative data was not looked for at this stage it did appear from 
observation that the pyrene was very rapidly and very extensively metabolised 
compared with, say, the carcinogenic 3: 4-benzpyrene. This rapid metabolism 
may well be due to oxidation in these most reactive positions and is possibly a 
factor in determining the status of pyrene as a non-carcinogen. Further investi- 
gation is to be carried out on the metabolism in tissue. Preliminary work suggests 
that, as in the case of 3 : 4-benzpyrene, phenols are not the primary metabolites. 


SUMMARY 


1. After intravenous and intraperitoneal injection in the rat and the mouse, 
pyrene is metabolised to a variety of products which are excreted in the urine 
and the faeces. 

2. In the faeces 3-hydroxypyrene and the 3 : 10- and the 3 : 8-quinones have 
been identified, A variable amount of a “ quinonoidal complex ” liberating free 


— 
ae 
| 
|| 
‘TRS 
q 
by 


METABOLISM OF PYRENE 507 


pyrene and pyrene-3 : 10-quinone on heating with hydrochloric acid has been 
isolated from rat faeces but not identified. 

3.-In the urine the metabolites have been identified as 3-hydroxypyrene, 
mainly free but possibly conjugated to a small extent, 3 : 8 and 3 : 10-dihydroxy- 
pyrenes, a little free but mainly conjugated and a small amount of a water soluble 
pyrene precursor which liberates the parent hydrocarbon on heating the urine with 
hydrochloric acid. 

4. These results are discussed in the light of existing knowledge concerning the 
metabolism of the polycyclic hydrocarbons. 
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